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FOREWORD 


World ptwer Conference differs in several important 
I I partictiJars iroin nibst specialist or technical conferences. 

In the first place, it not cvily brings together those ‘whose* 
wofk is associated witli specialisation in any of the various fields 
connected with the j^eneration, dislribution«ind utilisation of povver 
in any form, but it also allows of their collaboration and closer 
contact with business men through jcliscussions of the most recent 
technical cUwelopments and practical e>.peniences connected with 
the Sufibjt^ct Xatiirall\ in such discussions cwiisideralile inifVJrtance 
IS attached to the financial and economic asjiects of the problem. 
In the second place, the \\ yrld T'ower C'onference organises meet- 
ings to which are m\ited statesmeii. economists, aiul olhers whose 
dail\ occupations do lujt usualh bring them closel\ into contact 
with power problems, and so enables the general ])u1jIic, which is 
othervvise frequeiith senouslx misinformed on these matters, to 
be inslrncled along sound and accurate lines. 1»\ such means it is 
liojied to |)romote a better understanding of certain \ital cjiieslions 
winch affect fundamentally the economics and administration of 
all con III lies 

.\t the |)resenl time. b> far the greater propoition of the W orld’s 
power (whieh must be held to include heat utilisetl in am form) 
rleiieiuls Li[)on fuel for its geiiei atioii. The fb itisb National C'oin- 
mitlee was therefore entrusted bv Ib^ I'nlernational bXecutive 
C'oLincil of the World Power Cont^Teiice with the organisation of 
a sectional conference fuel iiroblenis. winch was held in London* 
• • 

• • . 

The meeting v\ as jjrobabl\- the ^iiost eoinprcbensi ve winch has 

ever taken jdaee (Tii the subject. AtleiuleJ as it r by delegates 
from forty-eight nations^ it eaiinof ^ave failed to assist m jiro- 
niotmg that iiUeynalional goo«l fc^‘11ng so neeessar\ to a eoniuiua- 
tion of civilisation in its jH'csenl fonn. t )n the material side, fuel is 
tbe'fouiidation of the dominance of mankind, ituifl 1 he necessity for 
iiitensiw study of its constitutr5li, utilisation and t*onscrvation is 
emphasised b\ the fact that the stores gf fossil fuels ro generously* 
su]iplied b\i* nature ^ire by no means uij‘xbaustible. The fuel 
reSf)lirces of diftereift natloiTs vary iirnature anti amount, but many 
of T.he problems involved in their more efficient utilisation are 
general, and, it i.s* to the common advantage dial tlie results o^ 
sjkiuR', exjfbriment and experience should be poolctl b'roni this 
point of view alone tfie Fuel Conference was more than justified 

TJie national imptfrtance of fuel in threat ’Britain recjuires no 
emphasis Tn t^c yiasl, the great coal industry ^vhich^grew up tmt ol^ 
jjentiful and easfly-w’on deposits, together with industries such as 
ircm iftid steel, \Vhich depend essentially ^upon cheap crtal for their, 
success, have contributed in great measuiie to •tTi^ comipercial' 
prosperity of the British Isles, and it vs vitaUy nfcesiyirv that the 
position of these indefstries should be restored. 

• ix 
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Tlic l)rtsc*nl ci'iUuw has witnessed the i^rowth ot; a eoiiiiictilor 
)l(j a)al, and jjreal I’nlain has become to some extei|i l^ndicapped 
I^S’ the fact that her laif^e requirement^ ot’ oil nave all to bf 
imported from o\erseas In this handicaj). If course, sMis ikI 
alone, bnl il behoves her, anrl other countries •;! mi bifrlv jilaced. t|j 
’s]iare no ellcjrl in seekin;,^ meaiis-lo overcome it 

rile I' Liel Conference i (littered m several v\ a^ s Ijom 

jaevious meetm^^s deaKn^'^ with the same subject, In jiarticiilar. 
I he economic aspects of the jiroblems dealt with were civen 
]n iniar\ inijKM tance ; further, m<^si ot the conlnbutions w u i 
jMeseiiled thionL,0i aiil^ioritativ e technical liodies and >(.> came witli 
greater fone (han if lbe\ had been merelv individual ex^Jres*,ions 
rile jiajiers wen sintablv 'j,^roU])ed into a number ot sc’^iarale 
sei lions. Ill e?ch ot w Incli was piei»are(La i^eneral rejim't eihliodvinu: 
the mole nnjiortanl realutes dealt with and outhnm^^ the mam 
]<omts foi discussion In this wav the time available vva^ utilised 
to the best* adv .mt,iLtt‘, and the proci edm^s of the t'onlerenc> 
pii'seiit a useful, tliouLth netessaiilv nnjierfecl, jiicture ol the trend 
of development in fuel jndblems ihroumhoiit the vvoild 
( )f the manv points emjiliasisi d durmi„' the discussions, one ot 
the most mijioitaiit was ihi (Il sirabilil v for common aLtreeineiit o i 
iiomtMU lalure and units d'he (jnestion of mteinational standards 
lor the saniphn;; and testnie of fuels is one of jj^reat dihicult\ , bu' 
some atlenijit slKtuld be made to aiiive at a|L,ne(‘d methods, wlni'i 
VO Mild, bi-sides i L'lidenne moi e eas\ the Ir.inslation of experimental 
work betw(eii one ciMiiiti*- and^ .motlu r. tend also to lacilital(‘ the 
uMiimercial relalimis between luel exportiuin and fuel inijiortinj,; 
((Miniries ^ ' 

Ac C( M'dniL; to our pu nut know ledcte. ebrd 1 on ns bv* f*ar tlie laia^(‘st 
shMe ol the wm'jjirs luel. and the bulk of this coal is consumed m 
the- r.iw slate "V'dic co^-ditKMis necessvrv foi- ciIichmU combustion 
. 111 ’ \vc‘ll iniiK'isiood. and moilein dev c'^^ijMnenls kiri,tel\ take llie 
tonn of mechanical ajiplumce^^ de'iLtned to .itiv^* ettecl to these 
caMiilitioiis rile use of coal, in the j/owdercal lorm is rajadlv 
developnij^. allhoiinb at jMCsenl theye is takini; jilacc* .i battle 
belween the iMii and feeder svsfem and the unit svstem Cntil 
c (Miijiai ativ elv iiciMiilv the unit method was considered suitable 
onl\ lor small nisi. Jhi,! ions, but it is now bem^,^ .ijiyhed to larf^c 
boilers also ,tlia'at interest , is belli” taken in fhe ciuestion of hrinjt: 
niarnie .boilers b\ jinlverised fuel, but no actual pnitribution to our 
kiiowledcje of the snbji-ei v^ as made at the Conference^ 
t hie of the most serious objections to the use of pow dereif fiH‘1 
i" the line line diisi which, us apt to be blown c)i,t of the cliimncw^ and 
settle upon surroundiu” jiropcTtv It was f^^enerallv aj^reed that 
electrical ])recqMtaliofi provules the most salisfactbrv rc;medvfbul 
it has the dis.idv anla,s,;e of hi.i^ii initial cost and also reejuires coili- 
jiaialtivelv l,iri^e sjiaccs f(^r its installation. Here; a,[,^ain. in connec- 
tion v^lth piiiv (!^rise(k fuel, arises the necessitv for international 
acjreemept 'u regard to slaadarcl nomenclature for screening 
riie po is.ndilies of cle: mmij c'vjj il jirior to its use either in the raw 
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state or *asV raw material in the carl'oni^ation industries, arl 
continually \cquirint; increased siiinilicance The cofisequent ‘ 
lameliuration of duM trmihle in powtleied luel installations is onh’^ 
line <|f«the many VNampIes of the adNantaj^es which w oukl he 
I'.chievTil hv ^such dreaiinc'nt A disad\anla^e attendini^ the older 
mctlunl of washing lo water l^i\ in the lact that the rcsultinjj; 
product requirc'd dr\ini; to hniii; it into the most suitable slate lor 
nian\ af>t)hcation*s. but an alieriiative to w asliint^ is commit forwaul 
111 tile di\ cleanini^ of coal, sonic lari^c mstallatioiis ol which arc 
now in opcralion lioth in I ireat I’ritain and abroad. 

’\lthou.eU.thc .nas and mclallurnical col<%.‘ industries h.i\c now 
behliid ^heni a wealth »)f ex]»cncncc cNtcikdmi; o\ ci many \car-.. 
useful tlisciis'-iions and pajieis beasnj:: nn their ii'lnienient and 
inijMaA emeiit w ei e includyl d'he qiiesliitn of co-cp dinatioii and 
unilical ion ; the nlihsation of cokt; oxen .i^as and the dexelopineiit 
of inrliistnal e-is s.iles : the pindiictnm ol solid smokeless luels, 
w In ther b\ hieb or low temperature melhotls; .nid t'^e aj)])luMlion 
of the results ol n.*search W(*rk; aie all subjects upon which 
deia-nd the dexelopment of thesi. mqiorlant nuliistiies to a sta,ee at 
which ihex will form national assets of exen ,L;ri‘'ilei mi|>ortance 
than at jiresenl ^ 

Much still remains to be done in re|)lacmi^ raw coal b\ the 
iModucls of ils scieiililic tre atment, .md the ( onleniMice w .is foi 
lunale m h.ixiiiLi pu me I to -t, foi the* tirst lime, the results of .i 
lar.ce seale e.\i>eruiienl on the* caibonisine of coal as a preliminary 
lo ilsbise* m an electricitx station , 

d lie <|iieslion ot blendmi^ ol co;fl tor s|)i‘cilie juirjioses is o? tin 
;:ii‘.'ilest interest and oite* upon xxhich knoxx led.ce is ra|ndl\ ai’eamm 
laliii'^ Scrcntilie bleiajl^m iqjon a lari^e, scale is niakint; rapid 
luadw;i\ .IS .1 me.m'> of sup|»lxm.i» niel.'dlur^ic.'il coke of ,cood, and 
‘.till more niqjoilhnt, ol uniform c|uahlx^ b’oi ‘‘dt* pioilucln»n ot 
.' sinoke'less solid deimesVc fuel bkhidmj,; ;q)])e.irs likelx lo furnish 
.'I solution to manx dilhcull jiroble^is It has alreadx be‘i‘n elenion-^ 
.slrated, tor msTance*, Ih.'rt bx lhe*use of suitable* blends in slamkard 
hinh temjierature carbonis'iiif^ [ilants a s.iiisUictorx smokeless fuel 
lor domestic |)urpose‘s can*be j'i^oiluced bx shorle-il 1 n,n the carbon- 
ism^^ time to txxo-thirds the normal . • 

So far a^h(|uid fyels are concerned, b\ f;ir the iiu)^l pressing 
])robh“m is ih.il of wiiotor tinnt. tlu^ crmsumption of wlmdi is s 4 d 
m^re*asm^ rapidlx * I'he iiillueiice <^f the exte-nsKni of cr.'icknn^^ 
jirocesses lo^xaril% aimnnentmtj: the su[)j»lx of f^asohne is i/^ijjorlan^. ^ 
iiltlfou^h •Liu* dexelopment eif the lieaxyx' oil en|.,me xvill iiossiblx 
lend to reduce thejnesent jirice diireri*nce between motor spirit 
aijd heax X oil fuel. Pind .sf) react upiai th^* eccaioimcs of the ciackm,!; 
jM'ocess riie'^elation betxxeen the (|ualitx*^)f motor spiiit .iiid il^!: 
^lefiaxiour in ji.irficular en!.^me> is oyie vxhich iVijilires further sludx* 
on tl^* fuel sid^, althout'li. as -Mr Kicardo has [)oinled*oul, there*!'* 
to-day a tendency for the desi;j;nini^ ent^meet; to sluTl^tlie burden orf 
lo the shoulrlers of the chemist and lo^deina^fl of fiuj dojies vxhat ‘ 
ouLtht lo have been p^ovuled f< 5 f bx enjrine ilesit.tn. • • 



®C)f alternative fucla to petrol, pow^ alcohol ha:^in*'die pa^t 
reciaved much attention. The subject was dealt wttinii Section 
^when it was concluded that while it ma}^ be Dossibie to produce 
alcohol on a small scale to meet local requireilients wher«^ndi 
tions are favourable, petroleum will continue to be the^main sou 
of liquid fuels for internal combustion engines. 

The above are only a few of the important questions upon whjch 
light has been thrown© by the papers and discussions of the 
Conference. As to how far the World Fuel Conference will bring 
about changes of advantage in the world’s fuel economics, tinie 
alone can tell. The prooieedings, however, form a mine o/ informa- 
tion and should undovdjtedly have a prominent place it/Jont‘the 
shelves of all those interested in giving further momentum to the 
present world-wide movement for a J^jetter utilisation of fuels 
of all kinds. 

C. H. LANDER, 

Chairman, 7 echnical Committee, 
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fUEd) CONFEREKCE, 1928 

»• ' 

•official opening at 

THE. IMPERIAL INSTITUTE 

The Official Opening Meeting of the Fuel Conference, 1928, was 
hhld in th^ .Great Hall of the Imperial Institute, Siouth Kensington, 
London^ S. W.7, on Monday, September 24, 1928. The President, the 
Most* Hon. the Marquess of Reading, G.C.B., G.C.V.O., G.C.S.I., 
G.C.I.E., P.C., who presided, and was supix)rted by the heads of 
delegations and members of the •Executive Committee, accorded 
an official welcome to the delegates (who represented 48 countries), 
and the Rt. Hon. Sir Robert Horne, M.P., deliverect the Opening 
Address. 

The President said it was his duty — and a very pleasant duty — 
to extend to all the delegates a most cordial welcome to the Con- 
ference and to this country The purpose of the meeting was to 
initiate a very important Fuel Conference. It was somewhat 
difficult, particularly for one who was not a scientist or a technician, 
to envisage all the possible developmenjts of fuel and tlieir applica- 
tion to industry, commerce, and iiftieed, to the household, but ^ his 
position as President of t|ie Conference he had had the advantage of 
reading and studying \^rious pajDcrs on 1?lic subject, and he was 
enormously impressed, as everyone must b(‘ wiio. tried to under- 
stand the great value of ^development in ihel throughout the world 
and the imjxirtance of it to Vie jiros^erity of nations Fortunately, 
this Conference was a world Cotifcrence on fuel, and he believed 
he was justified in observing that it had brought together repre- 
sentatives of nearly all natioiis. There were forfy-eight nations 
represented, and about 170 papers were to be presented, so that the 
delegates ^ould ha^e the,opjx)rtUBity o5 lujaring many valuable 
and important discussions. We in t+iis country were particularly 
pleased that, the Various nations of the world had sent teethe C 09 - 
ferfiince distinguished representatives, who would speak with’ 

. authority, and who had established reputations not only in their 
o^ countries but "also in others, where developments of fuel 
^ technology were ^watched with always increasing, interest. That the 
tiovamment erf this country appreciated the chargicter of tjie 
Conference was proved by the fact that* the ^Presi^^gt of the Boar<% 
of Trade had interested himself in it^ and ^hat*thcrp woifld be a » 

Reception of the delegates by the Government. ® ^ 

• * 
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The delegates at thaet meeting were specially fortun^e in that the 
opening address would be delivered by Sir Robert a gentle^ 

^ man with a distinguished reputation not only if this coiuitryiut iiJ 
others. It would be a work of supererogation tp introduce * im tm 
fhe meeting, but perhaps he (the President) might be allowed one 
passing reference which made a special appeal^ to himsglf. ,Sir 
Robert was one of thosoQnembers of the profession of the Law who 
had chosen to leave it when he was one of its ornaments, and had 
devoted himself to other realms which he had since conquered. He 
had transferred hiniself^into the activities of finance and mdus^ry ~ 
banking, insurance, transport jn all its jihases, metals jind a variety 
of other s]iheres, and had proved that, j[iist as in his early days at 
the Bar he was al)lc to master Ins briefs, so at the ])rcsent time he 
was able to ;i(V|Uir(' dominion over whatever business he undertook, 
and to improSs his vic'ws upon the ])u])lic 

The President then called upon Sir Robert Hcjrne to address the 
inc-eting. 

Till- Ri. floN. Sui Rohkr'I Hoknk, M.P.. said it was a great 
privilege to him, and one of which he was very ])ioud, to have the 
opjiortiinity of delivering the (irst addri'ss to this Confeience; Imt, 
at the same time, he did so with supreme timidity and diffidence 
Indeed, he would si'arcidv hav(‘ had the audacity to d(^ so were it 
not (hat he n'Coguised that the^thonu' w'ith which the Conference 
had to di'al was one just as interesting to the' ordinary man as to 
the technician It was I me, of course, that if tlu' mafi tn the street 
were niereU' to scaij the titl(‘s of tlh' pai)ers which had Ix'en prepared 
for the Confe^(*nt^^ he v ould be rejielled lyv the technical terms 
used and by the menacing pluases with wViich tlie mysteries of the 
"*sul)jec( seemi'd to be snrnninded* But a[ the basf of ever^’thing 
there remanu'd the fundamental fact that the problem to be dis- 
cussed at this Very impen tant Conference was lhat of making the 
riiost economical use of our fuel, and thus stated it was jilain that 
the snlqect came \ iTy close to the daily life of 'the ordimery citizen, 
coiifiontmg hiHi botli on Ins .hearth and in his business. Indeed, 
it would not be an exaggeration to sav that no assembly of scientists 
had t‘ver come together to discuss a mattta' more relevant to ouj; 
common evervday lile, nor had there ever be^n held a technical 
conh'renci^ from which there might flow so main' practical con- 
slqnenccs vital fo the future progress of the world, '‘it used to be 
hddiiced. as the pre-eminent exanqile of the teclnjical scientist’s' 
fMitlook, that a, famous mathematician ' from Cambridge, after 
I having Revised a < theorem, had said. ‘ And the best of it is that 
it can neve / Ae of any use to anybodv for anything.” To-day, on 
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the other hnd, it seemed that the proudest boast that kiefice 
^ould ma#e Was that it had conferred great benefits upon the 
limply people of tie world. The branch of science which was 
Ippresented at this Confefence could make a great claim in that 
regard, and he was sure that the discussions would conduce wry/ 
greatly Jo the future progress of the people of the whole world. 

There were two remarkable features of the Conh'rence which wore 
well worthy of observation, one of whicli had l)eeii reforn'd to by thp 
President. ^The universality of the intcrejit in it^ purf)C)se was 
demc^istifatcd by the fact that forty-eight countric.s were represented, 
and that twenty of these countries hfid submitted papers of very 
great iin|iortance. giving Uie world tlie advantage "iif their ex- 
periences. Another circiimstanc(\ Mfliicli he heliei’ed to lie nmque, 
was that there wore assembled at the Coiifen'iice iepre‘-/>nlatives of 
industries which were very often regarded as antagonistic to ('aeh 
other, and which certainly adopted a sfimewhat cUdached attitude 
to each other They wen* to dax' prejiared to i xi liaiif’e views upon 
the subjects m xvliicli they were all mteiested, and to put into th(‘ 
common stock the knowledge vxinch thev had gaiiu'd through th(*ir 
researches. The industries lu- refeinul to wvvv those of el(*ctri('ity 
supply, electrical engmeerm^, eoal. gas and oil, and of chemical 
manufacture, all of which, instead of (ondycting Ihi'ir discussions as 
was customary, within a domesiit^ (au were attending the 
Conference in order to ("Tid^angi* views as to llu' hi'st lists to xxliii h 
the various fu^ls could be put ThaMvas a fi'jflnre of the ('oiifeience 
xvhich was intist .str\i<ing, and one whuh h(‘ belKWi^fl r'xonld eondnee 
greatly to the fruitfulness the discissions 

I'his Conference was the thi*'d organised b\' llit* \Vr)rld Powit 
Conference The lirst nie(‘t4ng w'asli^Tl .it Wemlilex' m b)24, when 
electricity in all its phases vvi^s di.'^iissed Tli<‘ 4'e( ond was at Masle, 
in 1926, wdien the mam theme of consideration was walei jiower 
The subject of the present CoiiltTcnce was^he use that (a)iild be maflt* 
of fuel ill the*lirocluctj(1^i of pfiWTr, The lmj5t)^^;mc(' of tin' siibjeit,, 
could, scarcelv bear exaggeration, beeaif^e fuel was tlu‘ foiinclation 
of the industrial ffrosjjenly of this rountrx . There were some 
comitrtes, siftli as Canada, favoured by nature witli water juiwei 
which they w^erc able Ui use to enormous a(,)vantagi‘, but tlien’ vvere 
others, such as Great" Pntain, in which fuel ^rnnst always be the 
sourc® of power. Fjicls of all kinds were watllifi tlie 'iimiiit of the 
discussioins at this Conference, but of the 170 pajicrs^^' tenden^d 
two-thirds dealt wit4i coal, and he did not thini: he u^xald be com- 
mitting an error in saying that the main, .sub] e«rt of 'lhednvestiga- 
tions was going to be tUc best method, by which we couTd exjilojt 
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' ev^ry economic value\hat could be obtained from com, Ae Bhotving 
c how vital was this question to the citizens of thif cAintry, 
Robert said that one-twelfth of all our populAion depenc^ upolif 
the coal indastry for their livelihood, dnd that four-fifths^of tly 
Volume of our exports, and one-tenth of their value, normally 
consisted of coal. Not only was the whole of ouj industr^l fabnc 
built upon coal, an ample supply of which was available in this 
country, but the coal which we exported, by reason of the freights 
which it afforded the shipowners', enabled us to buy at lower prices 
the food and raw matCFial which we required to import from abroad. 
It would be appreciated, therefore, how vital was this subject in 
Great Hritaifl. a 

The coal industry of this coiinfry was in a condition of depression, 
and it had i>oen predicted that coal had passed its zenith, that it 
would be su])ersede(l by oil, and that never again would coal be 
developed in tliis country to the extent that it had been in the past. 
He, personally, had never accepted that view. The modern pros- 
perity r)f Great Mritain was created by coal, and in his view it would 
be saved by coal; but only by adopting improved and more economi- 
cal methods of using it, such as were foreshadowed in some of the 
papers submitted to the Conference. Of all the extravagances of 
wlych we in this country had been guiltv, the greatest was that of 
waste of coal; the amount of wealth which had been sacrificed as 
the result of our inability to conserve oyr^oal was entirely beyond 
compulation. Even tb-day in ^this country, three *ntillion tons of 
potential fuel ’^fie being emitted into the air yi the shape of soot 
each year, wliieli not only invtilved a gi;5-*at loss of heat and power, 
but, also resulted in polluting'the atmosphere which we breathed, 
robbing our industrial districts^ol twcnt\F per cent!*of their sunlight, 
and creating ^conditions which ^^re inimical to the health of our 
I people. The jnmring of raw coal in its crude state into furnaces 
and domestic grates must ifow be recognised as a tragedy from which 
\VQ must find a way oI escape. He it;joiccd*tjo think^hat we were 
now on the wav towards a lolution of that pitiblem, and he fcff one 
looked to the eminent men who were attending the Conference to 
enlighten us as to the exact position of research and *?Lchievifcm^nt 
to-day, to define the principles on which we«had made progress in 
( the past, and to indite the lines upon which we should succeed 
in the future.' • * 

, * For himsolf, and speaking with no special knowledge, he ventured 
to s^y thatthls main hope, in this country at least, was in the 
developmont of pt^essas of low-tcmjierature carbonisation. In 
past many prematurp claims had *^en made by those 
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the various processes, with the result that a large 
Htunber of f^ple had become sceptical because there were no 
Wants wt in* operation on a large scale. Sometimes the blanle 
bMi placed jrhere no blame was due. Even the paciiic 
scientisf was inclined to say sopietimes that the business man» 
lag^d ^hind fhe opjx)rtunities which the advance of science 
afforded^ him, and the public, taking ilp that kind of sug- 
gestion, very often blamed the industrialists in this and other 
countries for lack of initiative. . The case of low- temperature 
carbpnisitidA was a very good example. Fgr a long time we had 
had bgfofe us a very beautiful laboratory experiment. From a ton 
of coal we could extract froji 14 to 20 gallons of a tat or thick oil, 
whichever we chose to call it, and between 3,000 and 5,000 cu. ft. of 
gas, from which, by scrubbing, we could obtain H gallons of a light 
spirit and in addition a residual semi-coke which coul(\ be burned 
in domestic grates. He had listened to many speeches in the House 
of Commons in the course of which it had been asked "Why is not 
every coalmaster in the country carrying out these operations to-day, 
for the benefit of the coal mines and to the advantage of the country?" 
Speakers seemed to forget that a laboratory ex])erinu‘nt was no test 
of commercial success, and that unless we could repeat the experi- 
ment on a large commercial scale, .so as to yield a profit on the 
money required to be invested in tl#e operation, nobody was goiflig 
to throw away his resources in carrying it further. There was 
always money* fn a country* such as ours for ^chenK^s wliieh looked 
really favourable, and in connection with low-tji’mperaturc car- 
bonisation a vast amount of enthusiasm cjid a ffist amount of 
money had been expended,* Somethiug^ike 400 processes liad been 
tried in different •countries The dlfliculty Iiad been to prod ne'e a 
residual fuel which could easily b? used boih industrially and 
domestically, and whose value, alAig with that of tliCby-inoducts, 
would be sufficient to cover the cost of tke jirocess and tJie original 
raw material)* That, a^tcr all, was th;; test.* He believed it could 
safely belaid that atjlong last wc were* emerging frorn> the experi- 
mental stage with Kgard to these processes, and were eiiteri^ig the 
indusirial and commercial stage in the case of at least some of them. 
In Germany they had, succeeded in carbonising brown coal at low 
tem^ratures and burning the residual fuel, under the boilers of 
centi^ stations**in connection with high- proesure •transmission 
systems^ and, as ^result, large areas Central Gcrmar^ and the, 
Ruhr were being supplied With electricity,*' while the«Bpq)lus gases 
obtained had been used in the chemical industry. I(^mig^t be*^aid, 
so far as Great Britain^as concerned, that that did not^s^tle the 
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iTKittcr, because bruv<ln coal, and, indeed, all the you/g coals of the 
world, were much more amenable to treatment bytSucfli processes 
rtian were tlie bituminous coals of Great Hrifain. At least one 
the electric sui)ply companies in this country,, however, had be«i 
‘ applying such a pmr(‘ss to bituminous coal It had been carbonising 
a low-grade coal at low temperatures and burning the rcsj(Jual„fucl 
under Iwilers, and it liAfl been able in effect to pay for the bulk of 
its I aw rnatcTial with the revenue obtained for the bv-pnxlucts. 
As a result, it liad b(;en able to j^rodiice electricity at a very iow^ 
price. Such devi lojanents gave ground for great hope. 'If fhey. were 
carried on, we s1i(ju1<1 in tlitiend oluain cheajxT power, anckhat tlic 
same time there would be a greater for <-oal, eonfernng advan- 
tage's at onc e ujioii our manufacturers and u|)()n tho.se at present 
in distress in the coallields. 

V f 

Dialling with other method^ of treating eoal which were creating 
great inten'st, Sir Kol)ert nientioru'd the ])rocess for the lu'drogt'iia- 
ti(jn e)l coal at high j)r(‘ssiire 'I'hat ])roces.s. 1 k‘ said, was geneially 
associated with the n.inie ol Ucagins. but lit' believi'd it began k)ng 
ago bv llu‘ exjM'nmi'iits of tln‘ h'renrh chemist, Hertholol, I'he 
hydrogenation ])rocess jnodnee'd si\ tunes as much licjuid fuel as 
was jiroduce'd by low- temperature carbonisation, but no residual 
coke What would be the re'sult of the application of these processes 
ii/(ireaL Ihitain one could ikA tell. Their application in (iermany 
liad been .so siK'ct'ssful that v(*ry large sums had been invested in 
])lanl and e(|iiipm(Mit«l)y a very strong «.rganisatioh •there In this 
eountrv tlu'v h«d not l)e(‘n tried out, and it^ was very doubtful 
wlieth(‘r the same n'i-edts would be (fl)tained with our bituminous 
eoal as could bt‘ obtained wftli.tlie (ierinan lignites, because bitiiinm- 
oii.s coal was much inort' difhcTilt to deal with * Again, one could 
not sa\' that the okl so jaoduced w^(nrld be able to compete in the 
market with' the oil jirodueed fi^un wells, especially in the present 
time of cheapness It was«(|nite po.ssible, howt'ver, that in a country 
^with a tariff again.^t iKi])ort^l oils the native prodiic#' could be sold 
as against rtie imjiorted jir<*diict, and, in any event, a country yv^hich 
was able to inak(‘ oil by the hydrogenation ])rooess was in a position 
of mdep(‘ndenc(‘, and would be able to create its ovfn supi^liqs if 
at aiiv time circumstances arose as the resvlt of which the stocks 
of the outer w'oi Id w’(;ic cut off 

Another fascinatkij< to])ic of speculation w'as thl5 steady dcyelop- 
» ment of puha-nsed fuel, auA he regretted that preat Britain was 
soijiewhat l^^l^ind somO other countries in connection with this 
matter, cicve\ppmoiUs w'hich might arise from it were, in his 

view, itiftnitc. It was pcrfectlv plain already that we could get 
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much more Worific value out of the coal ^hen pulverised than 
^hen usin§ it^n its raw state; the difference was probably as jjreat 
20 ^^r cent. Fui^ther, the utilisation of coal in this form would 
(|pable us to make iise of low-f^rade coal wliit h otherwise would not 
be used! This process was also linked with that of low-temperature^ 
carJ)oiu.'^tion, foi; the reason that pulverised residual fuel from the 
low-temperature process liad advaiita^^es fti certain circumstances 
over' pulverised coal Pulverised fuel was headlining to be used in 
ships for raising steam, and steamers were designed to carry ecpiip- 
ment^foi; pulverising coal before feeding it into the* furnaces. The 
suggestion had been made from time tv time that the coal should be 
pulverised on sJiore and l)lo\^n by macliinery into t]i(‘ ship’s bunkers, 
but the trouble was that jnilverised coal was siil)]ect to spontaneous 
ignition, so that tlu* carrying of tlie coal in ]ailv('nsed form invrdved 
grave risk of tire. It was claimed for the fuel produced by low- 
temperature carbonisation. Iiowever, that it was not subject to this 
disability when jiiiK'erised, and that it could he carried in the 
bunkers of a shij) without fear of spontaneous combustion 
Otlier economies, too, in lh(‘ use ol fiu'l vveux* in ll](‘ way of h(‘ing 
achieved Waste heat from coke ovens, blast furnaces and steel 
furnac(‘s, was now being turiuxl to industrial u.se, and in (iermany 
and France great advances had Iktii made in this dinx'tion ThtTe 
w'cre also methods of prodiu ing svAtludic' licjiiid luels, and, a.s'Ve 
had leariK'd from a recent rejioil of one of His Majesty’s Com- 
mi.ssions, there was a jirwsjjccf of establisln-iig great centres from 
wdiich gas could bc^distributixl onxt W'lcU'r areas tlum had ever been 
thought of before. * * 

The developments he had pieiilKiiiFd, said vSir Robert, were 
sufficient to shcTw the viist imjiTjrtame of llu'.se topics topic.s 
which in any ordinary time would he of ab.'-oi liing interest, but 
which were at present vital to a world whos(‘ wealth and resources 
had been so catastrophically dissipated during the conilict from 
which we ha^ recentl>f emerged The*f)re.se»t moment was fateful. 
We^ere all looking iSir something to curry us out of tile lut of our 
post-war distressed and again till our breasts with ho|i^ The 
copiifig togfther of the representatives of so many nations, some of 
which were recently Jocked in deadly conflict, to combine' in one 
conMTion effort to .solve tlieir mutual problems in ordc'r to confer 
benefit upon afT, was an insyiiring picture, ^X^hich was enough to 
stimulate our eucrgios and enliven ‘our spirits. In ^ scientific, 
conference such as* this, jealou.sies, nationJil and iiuytidual, tended 
to disappear, and those who were acciistpmcd X,o piirrsuc^knov^edge 
for its own sake, and rfftt merely for personal gain, were ^ffeh more 
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ready to exchange ideas than were those whose live^were spent in 
the ordinary over-reaching processes of barter. EvJn in the com- 
petition of commerce, however, men had ^!>egun to learn that 
frequently there was more to gain by comnjiunicating '^tnan Ijy 
f concealing the methods by which, success in any particular" business 
was being achieved. If evt^ryone attending the Conference , was 
prepared to give of hia best for the common benefit, the results 
which would be achieved by their united deliberations might well 
have a most potent mtiuence upon the prosperity of the world, c 


REPLIES ON BEHALF QF PARTICIPATING 
COUNTRIES 

Glnj-.kal i)iKhK'ioK Dk -Ing Eli C. Kottghn ((Germany) repliecl 
on behalf of the nations of C(jntinentaJ Europe. He regarded it asl 
a great honour, lie said, to have tlie opportunity to reply, and he 
and his friends esteiaiied it as a special token of confidence and 
friendliness. They were grateful to Great Eritain tor having invited 
the whole world to this important ConferiMice The number of 
delegates, and the cpiantity and significance of tlie papers con- 
tributed, was evidence of the world’s admiration for the initiative 
of England in lurthenrig technical and economic progress. It was 
England w’hich, in 1924, had tiled to unite all nations in the World 
Power ('onfenMK'e 'r*ins nnjiorlant ineeiuig of 1924, which was well 
organised, had b’ought all iiaiions into co-o])(*ration, and the results 
wi‘re valuable fhat Conference w'as the foundation of further co- 
ojieration At the .Sectional Meeting at Basic the problems of water 
pow'cr \vere (li.scussed, and Basil, situated at tlie oasc of the moun- 
tains of Swalzeilaiifl, was just the right place in which to discuss 
water jiowcr I'lic present Secfioiial Meeting in London was con- 
cerned with fuels A son if England, James Watt, had given the 
w’orld the steam engine. Nat.ure had favour.xl this ccantry with an 
abundance of coal, and tJiis country had .‘had the privilege of 
fiiniisliiiig otluT countries with this indispensable source of energy. 
England, therefore, was the proper place in which to discusT fuel, 
and this careful selection of the countries in wlpch to hold the different 
meetings was jiroof of the wise rnanagemenL of the World Power 
Conference, and of IVfr. D. N. Dunlop, the Chainflan of the British 
National (^ommiltec. Mr Dunlop's thoroughness was also evidenced 
by^the selection of subjects for di.scussion. Water power and fuel 
were the syurces of.^energy; hence the nece.ssity for discussing these 
matters ITist. 



Dr. Kottgen^welcomed the spirit of co-operation which w'as now * 
Viiinifest. It w'as in this spirit, he .said,^ that England had arrangi;d • 
me firAAVorld Power Conference; in this s})irit the work had been 
continued, and in this spirit the delegates to the present Conference 
had met. By mutual exchange qCknowledge and mutual assistance 
in ihe sc%rch for ftew ways and methods, tl^* general level of ability 
W’ould be raised. The able man had always the ciiance to take the 
next step forward. After again expressing thanks to (heat Britain 
for having arranged the present Conference, he voiced the liope that 
the discussions would be condiictt'd in tlu' co-operative s])irit which 
had been manifest heretofore, and tha*t e\’erv'one would giv(‘ of his 
best for the benefit of all * 

Mr. O. C . Mrrrii l (U.S A ), responding on behalf ol the l\S,A 
and South America to th(‘ cordial welcome extendtd by the P)ritish 
National Committee, said that those who had had the jirivilege of 
attending the World Power ('onh'rence in H124 well knew th(‘ 
meaning of British hos])italily. I’he delegates had visited luigland 
in 1924 to assist in the mangnration of a new international under- 
taking, a co-operative movement for the inti'icliange of inforiiiation 
and for the conijiaiison of methods of development and utilisation 
of certain of our natural resouices 'i'hat that pio])osal was a 
practical one, and that it nu't .i r^al need, w’as amply evidin^'ed 
by the response from all parts of the w'orld to tin' British Coinmittiv's 
invitation in J924, and Uv the ivsponsi* to tlu’ invitations to 
attend the two sub.si'ciuent Confew'uces 
There was muclf i<f real .value that an organisation such as 
the World ’Power Conterence coul^l acconij)lish Ibindamen- 
tally, jirogress in any .scieidifK^ <iclivity de[K‘nded on know- 
ledge of the facts, and tfie^' w'ere*onlv jiartially known to-day 
The individual delegates -couK assist in the Ci)lli‘ction and 
compilation of the facts, and the Confeiem e siTved as a j)lace . 
for the disciLSsion of the a])])hcation of the fai ts to ])ra( tice, 
and for the interchange of ideas, in addition, tt could, when desirable, 
act*as sponsor for tliat research W'hich must always precede irn- 
prowment^in any sphere. But in seeking improvcMueut, we must iioC 
ailn at too much uniformity. Physical circumstances, political and 
social institutions, apd m fact, national •temperaments, mu.st also 
be taken into aiiisideration oven when dealiVjj^ wath so materialistic a- 
a matter as the utilisation of our fuel .resourct s. If we w(tc‘ to avoid » 
the difll level of !i standarcUsed world we rpiist realise^ thilt industry" ^ 
as well as science and art, must proceed in^cfinfdnPiity wi^h the 
special requirements of each country and uneftT the inVTUiJse of its 
own national genius. Those taking part in Conferences such as this 
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wtTL* necessarily directing? their efforts to securing a^^mcre efficient 
ijse of material resources, but merely material objects should not 
their ultimate goal. They should realise that behind the* work of 
such Confen iH t's, behind the work of the scientist and the engineer, 
tliere was an ultimate object ofher than the material. The real 
object of sue]) Conferences was. in fact, to seciite a mori^ efficient 
iitihsation of our resources, not for the special advantage of any 
nation fir any group or class, but for tlu* general benefit of all our 
jieople. \V(‘ could not read history, he it jiolilical, sociaber economic, 
without realising that alvvavs man had struggled to b(‘ free— -free 
from tlic nun. KM- f)f nature, fret' from the opjues^ion of liis fellow 
men, frt'c from the burtlt'ii of distress and tlu' fear of jiovt'ity, 
free to live and at 1 and fhmk. limiti'd only liy the obligation to, 
att'ord a lik freedom to others Wtnist tliost* alteiuling Conferenceei 
such .IS this (It'.'ilt willi onl\ .1 \'t‘ry limited iminbt'r t)f the factors\ 
winch t'lifered into this m.itter, llif\ weri' nevertheless factors 
whieli, if jJiojH'i'h ('ontiolh'd and (liit't tt'd. wen* jH'rh.ijis more than 
any othei-, in modern mdustT V ('ajial'h' ol bunging about the econo- 
mu fieedom of (he null vulii.'il , and il w.is onlv thioiigh (‘tonoinic 
fri'cdoin lhal th.it 1,'irgcr freedom which was iht' iiltimatt' object of 
liuman s(uict\’ toiild be .iltaint'd 1 he work of this and of other 
('lyjleicnccs would li.nt' •cal lyul l.istmg valiu' to the t'xlt'iit that 
the iiltiniiilc end and llie ('onscioiis jinrpost' \^.ls social 
Mn r» I' H\\m i (('.mada) rcsjiondt'-l on ht'half.of the IJritish 
Doinnnons. .nul s.nd dial lit* did so wilh ji.irticiilar jilcasiire because 
lu' had h.itl (lu, liononr and juivilegc (,)f attciulmg tht' First W'orkl 
Powci ('onfci eiu in London, m 1924, and siiuc' th.at time' had had 
the o])|iort unit \ of (‘x.'miiiimg 4|u' l^'iiclits which,, that Conference 
had ( onfci rt'd ujion the world, l^vt'i v delegate lie had sjioken to, 
he continiu'd, appixiu'd to be ol,- the '^aine oj^imon regaiding the 
\ahie of these ConliTeiu'es, and .so jiroiiounced was this ojunion 
that one- s]i(\iker .alone could \()i('(' tlu* scidimcnts j)rcictically 
all tlu' countries .isscmblecl * I'liat opinion was that not onh' had 
tlic' W’orld Lower ('(»nference conli ibiited most valuable aid 111 the 
furthci ance* of all jirojects relating to jiowiT aiul the de^’JJ'lopmont of 
fuel rc'sourc'es, but it h.id provt'cl a valuable .agency m jiromotihg 
goodwill bctwc'cn the* siaentists, fuel teclmologists and engineers of 
tlu' various countries' of the world 'I'lic' Hritisb Ikiminions were 
sejiaratc'cl by tluuisaiuls of mile's and, therefcue.rihe scientists and 
fc'c'Jmologises in the' Dominions had not .hilliertoi^ c?nic.)yed facilities 
for nv;etmg Cit'her their own cousins in Great l>ritam or their 
colleagiuis Eurofu’ and Asia Lhese Conferences, however, 
aftonlecl such facilities, for in- ten dii,ys or less one was able to meet 
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and to become acquainted with the representiftivcs of 48 countries. 

what o*thc^ means could this be accomplished^ Thc\’ all had 
their fi^e^resources. their fuel problems and tlieir technical organisa- 
tions for conducting fuel re.^earch; aneb while their work was greatly 
facihtat(‘d by free discussion in and out of Conference cliambcTS, » 
the^rea<|'r benefit resulting from the forming ol friendships through 
personal contact was also bestowed upon •them In this manner 
these Conferences seiwed as powerful agencies for the estabhslunent 
of ^vorld peace, for the friendships formed and the goodwill esiab- 
lislu'd wauld sjiread until nations w(‘re embracc'd and coiuiiu'red 

The ri(ui assembled at the Confeienci'.wt're the siU'nt workers, who 
would never strike when cyfciimstanei's anni.st'd tlieiii dispk'asure, 
but wli(» continued jilodding on fkey wi'ie tlu* repn'si'iitalives of 
the men who held the dc^stiiu’ of (he world m their i)alms. inasmuch 
as tliey wer(‘ responsible for kcn-jimg llie wluu'N of mdiistn moving 
smootlily and continiioiislv, and foi tlu' m.imtenaiH i‘ «)t s\ stems of 
trans])ortation, wlH'tlit'i l)v land, sea oi an -a temporar\’ (essalion 
of which would b(‘ disastrous h’urtliei', tlux wc'i’e rc'sj^oiisible for 
the enifdoymeiit of the countless iuuuIk'Is ol skilled and otlii'r 
workers, for this was a seuMildie age*, and oik*, tlu‘r(‘fore', wlm li 
must be inamlaine'd by* tliose scieaitifirallv Iraiiu'd He* li.iel been 
w'ondering wb(‘thi*r it would strain the imagination nndiilv il one 
were to iirc'dict that the* greatest of *tll the* re'sults arhiev(*d by thVse 
Confere'nres miglit be* llw* l>irtli of the* rc'al “Dove* ol Peace” for 
whicli the* e‘\'e*s ol all e lasse*^ ol iiiimamtv had be»(*n so c'age rlv w.itehmg 
for generations l^e had notice‘d a great eliange'.m the* relations 
l)(‘tw(*en me*n in different countric's during the hist lour yi'ars Men 
who, before* the World Power ('ynfe*re*ne^* of 1024, we'ie re*al str.iiige*rs 
to (‘ach other, were* now e^Kehangiflg theii knowle‘dge fre‘e‘l^^ gi\ang 
each other the opportnmtv eil be*ne*titmg botli by the*ii siu e e sses and 
tliedr failures, and giving advice 

Pinallv, Mr Haanel e*X])ressed the re*gA:’ls of tlie* Cliairman of the 
Canadian Nifiional Cormnittn* of the ,^k)rlfUP‘?wer Conference*, Dr. 
Chatles Cainstdl, that> he was unable k) ajipear at tli^* C()nft*rence! 
in person. He wa^ certainly there in spirit, said Mr. Ha^ftiel, for, 
thyr<*was ifl^ other man of his acquaintance who had the interests 
of the proper dcvelopanent of fuel re.sourees .so much at he art. 

Dr. M. Kamo (Japan) responded on behalf of the A.siatic nations. 
He Rejoiced thal representatiy^-s from the vatifius c(*iintrie*s of the 
world bad agairw met at the World Pejwer Conference ^^and wouhl 
discuss fuel problerms, which were of such vital impfi^tance to life 
and progressiy^e prosperity of every nation , wa^ also* very 
pleased to note that the Japane.se* contribution to the Mfscussiejns 


KXlll 



was fully up to avera:^e. In a book which he had read recently the 
statement was made that the nation which contrilleci oil could 
control the world. That was perhaps too violent a statcr^ent, but 
it was certain that a nation with an ample supply of fuels, whether 
<oil or coal, black or brown, was in a very advantageous position. 
7'he rapid increase in the prospe^rity of Great Britain, for ^ nstance, 
particularly during the. r9th century, was based on her coal supplies, 
which were not only abundant, but were of wonderful quality. It 
was true that for the moment tht‘ British coal industry was struggling 
against adversity, but he predicted that the dilhculties v/ould be 
overcome, 'f'he n^sults of tins Conf(Tcnce might provide just that 
impc'tus will'll was needed to ovenvnne them. The object of 
scientists and engineers, he said, was to improve the condition of 
all peoples and to add to their comfort and enjoyment. This 
Conference, coiniiosed of oV(T 1,500 interest(‘d and well-informed 
individuals, (‘ould not fad to achu‘ve success in that direction. In 
the name of the Jajianese National Committee, and on behalf of all 
Asiatic nations. Dr. Kanio thanked th(‘ President for his cordial 
welcome of tin* delegates, and Sir Robert Horne for his inspiring 
addre.s.s. He also e.\pressed thanks to tlu^ officials, headed by Mr. 
Dunlop, who had worked so hard to ensure the success of the 
Conference 

Fhially, Dr Kamo remmd(‘d tHt' deU'gates of the World Engineering 
Congress and of tlu* Sec tional Meeting ot the World Power Con- 
ference, to be held in Tokyo in October and November, 1929, and 
extended to all nations a hearty invitation to send their delegates. 
The Govenimeiit of Japan was giving the organi.ser.s a generous 
subsidy, and the citizens w^re looking forward to greeting manj' 
engineers from every country m the world. Japan, lie said, had much 
scenic beauty and many things of great historical interest, and a 
programme oi visits to these places of interest and pleasures had 
been prepared in addition to the jirogrammc of the Conferences. 

This concluded the bvsines.\ of the meeting. 

BANQUET 

The Banquet was held at the Connaught Rooms, Great Queen 
Street, London, on Monday, September 24, the Most Honourable the 
'Marquess of Rcadirg' G.C.B., G C.V.O., G.C.S.L, ''G.C.I.E., P.C. 
(President of the Conference) in the Chair. 

ThcT'oasts ot‘“His Majesty the King" and "The Sovereigns of the 
Kingdoms and o the Presidents of the Republics Represented" 
having btreil duly honoured, 
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The Rt.iHcvn Sik Phii.ip Cunuffe-Lister, K.B.E., M.C., M.P. 
^(President of the Board of Trade) pro}X)sed "The Fuel Conference" ’ 
and welcomed the World Pqwer Conference once again to London. He 
recalled»that it was four years ago that the first meeting of the Con- 
ference was held during the Wembley Exhibition, but although that 
was a valuable anfl representative Conference, the present Conlercnce 
was -far more representative, because no fewer than 48 countries 
w§re represented, and he knew of his own knowledge that every 
fuel intereal? in (ircat Britain, direct and indirect, was represented 
The Conference demonstrated how world wide was the interest taken 
in fuel problems and also that at last if was being realised tliat it was 
good business to ])Ool knowledge, not only witliin industries but as 
between one industry and another, and last but not least, as betw'een 
one country and another We w'ere leaniing that gen.-'ral progress 
meant general prosperity, and in no held was that truiT than in the 
field of fu(‘l production, fuel consumption and fuel rt'scarch Every- 
w’hcrc to-day ])rodiicers of fuel and manufai turers of all commodities 
were facing the problem that unl(‘ss they could find tk’w outlets for 
w'hat they produced, they were u]) against an e\cc*ssivt‘ capacity to 
produce and to manufacture In c‘veiy country ehicienc*y in fuel 
consumption was an important factor in industry and in traiisjiort, 
on sea and land, and even in the' air^, It w'..s also an iin])ortant factor 
in power jiroduction. Was it not true also that in every eountry 
scientific disccwer}' and ina.iu fact iiring efficiency had increased, wnth 
the result that grc'ater outputs were being obtained, so that unless 
there was a much greater ('oiisuinptioii in ewery land it w^ould be 
impossible to keep the populations fully einjiloyccP Not only was it 
of vital importa^ace for employ iiieijt tliat efficiency in tlii' use* of fuel 
should be increased, but it was equaMy to the interest of tin* producer 
and the user of fuel, so tliat in every coal producing country all these 
interests must do everything possible, to stimulate consumption. 
The more p|pgress tlu^re was made of this kind the less would be the 
cut-throat comf)etiti»n between different countries Whilst absurd 
under-cutting was^bad not only for the coal industry but ^or other 
indyjStries jn the long run, and should be eliminated by efficient 
organisation in the coal industries themselves, it was even truer to 
saY that no far-sighted coal owner to-day lookerl to combination 
as a means of raising prices in a static or din;inishing market, 'I'hat, 
was not vision, and the coal owner must look to combination as 
giving him an opportunity of working not against, but iti coUabora- . 
tion with those industries which consumed his products in order to 
increase his sales andj,enlarge his markets. 

Taking a few examples, Sir ^hilip Cunliffe-Lister first referred to 
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the classification, cleaning and grading of coal. That ^urdy, he said, 
was equally to the interest of the producer of coal and the consumer^ 
The consumer desired to know what were the characteristics of the 
coal he was getting. He wanted to know what was the* calorific 
value and the ash content, and 'he wanted to be assured that he 
would always get an uniform quality Surely it ^i'as to tli? interest 
of the producer to se(‘ that the consumer got what he wanted in that 
resix^ct. The user did not wish to buy coal with a large ash content 
Referring to [iiilverised coal, and sp(‘aking on the advice of those 
much more i[ualifi(‘d to express an opinion than himself, feir Philip 
remarked that pulverised ('oal has a great future, not only on land 
but on sea, Trail those who knew best and had most faith in the 
jirocess realised that progress must n(‘C(\ssarily be slow at jirst, 
because theprocess must hr tested hy full exj)criments on a practical 
scale In the us(* of ])ulvens(‘d bud on shijis h(' was pleased to say ^ 
that (:o-oj)erati()ii alrc'adv existed to the full in this countrv Shi[) i 
owners, .ship l:)iiil(lers. (‘iigiiK^Ts and coal owners, were' all co- 
operating tog('ther in imj>ortant cxjMTimenls which ahead justihcd 
him in saying that tht'y W(‘r(‘ full of ])roTnis(‘ and showed .some 
measure of fruition That would nev(T havt' been obtained but for 
cornbini'd effort on the pari of all who had a common interest m 
the coal induslrv. Again, was it not to the common interest of all 
coal owners and lliost' who were rt'sponsible for electiic supply, 
always to kecj) m th(' ('losest touch'* lv(' was by nt> misms sure 
experience would pn)\'e it - tlKit some cousKh'rable c(mtribution 
would not be made* to the electric supply of thi^ country when the 
coal mines were linked up to.tlie grcMt grid system, so that hnv-grade 
fuel could be burned at suitabje Oial piK for l»u' geiKTation of 
electric ity and its sujijdy to the^gnd system 
One other ex.iniple might be tak'm of the advantages of conibina- 
j tioii not in the coal industry but outside Ihec'oul industry, as tending 
towards greater production in this country. The interests of the 
facd industries impinged at once upon- otluT industries siic'h as gas 
undertakings, the chemical industry' and the iron and steel in- 
dustries. It was a very fcjrtunate circumstance that the publication 
of a most valuable report by the National lnit‘l and Power Committee, 
which he apjiointetl soin^ eighteen months ago, should have been 
‘ made at the time the J^'bnference was meeting Thi^-? was one prac- 
tical and valuable suggestion made in that Report to which he had 
devoted infinediatc attention. The Committee suggested that an in- 
quiry should fie OarricM out into the use of surplus coke oven gas and 
that it m’gj^t be worth while for the in\'cstiga.liontobeputinhand as 
regards senne wide industrial area, such as that between the Mersey 
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and the Hi^mber, to see whether all gas undertakings in that areji 
ct)uld not take a supply of gas from the coke ovens existing or 
which might be developed in the future. It was an inquirv' we A 
worth uiidertaking. • It would he necessary to ascertain what was 
tlie amount of coke gas obtainable*in the area, wliat was the actual 
deiiftind In-day, ifnd the prospective deinanil and supply m the 
futuie It would be necessarv to consider what would bi‘ the cost 
of installing and conni'cting mains, and further what would be the 
effect of an,v such developincmt upon coke jiroduction and the 
market hii- coke H(‘ was ablt‘ to sav that the Cio\ laniueiit proposed 
at one? to undertake iliat iiuiuii v, and in iloing so he was certain 
he could count upon the co-d^ieration of all the nileiest^ coiK'enied, 
coal, gas, coke, iron and stei'l, and any others that might bi‘ alfected 
In tills conneetion he was going to makt‘ (mu‘ reipiebt to these 
inteiests Sindi an ni(|iiirv ('oiild oiiK be l arried out with anellieient 
and e\p:M'ienri-d staff, not a huge oik but a good one, and m aeling 
upon the suggestion of tlii' Committi'i' his piojios.il to llie iiuliisiries 
concerned wa^ that the\ should snpph to the ( ioveniiiuMit tlu‘ 
neies',arv statf to (onducl that iiKiuirv. lor the sin\])l(' reason that 
the men most (juahheil to do this w’ork wen* iMigaged in the iniliistnes 
th(‘rnsel^'es It would be a national ni(.|uiry, and, lh(a'eton\ he was 
confident lu' ('onld relv upon this di'gn'o ol ( o-operation fiom 
ijidnstr\ Moreover, he lH‘hev(*d it would be loiind that the staff 
so provided woqld, at the invl of tliinr sjiei'ial work, go bai k to their 
H'speclivt' coniiiaiiies ev'(‘ii more* I'MierKau'c'd' and mori* able than 
when they starterl A. 

Contimiing, Sir IMnli]) sjioke of the great jirogrc'ss being made and 
the ojiimmgs iiow^availabh* lor -'rained |u(‘l (‘xixats Siicli men, lie 
said, although th(‘\’ might (Snmnaiid high salani's, (piicklv paid for 
themselves by tin* viav large savings they iiiadi' in the ojieratioiis 
of the business tliey w'cre employed in In this coiinec lion he urg(‘d 
a closer association betw(‘en industrial rese.ircJi and tlie iimversiti(‘s, 
because this must iiicvitablv r?sull iii gVeater**ad\^antage to industry 
whert the men traimal fri tin* uni versifies® came out and tnok up their 
positions Many of the great industries of tlie ('ountiv had beim 

is ~ 

md^t generous in the endowment of universitu's in the ])asL, hut Ik’ 
was not .sure wh('ther'they had looked upon this endowment as a 
liability or an a^set Personally, he behevef>-U could lx* converted 
into a valuable intMrest-bearmg asset if indiistt'ii's wbuld only use 
the universities jfright and make use of tla-ir own munjliceiiee by 
seeing in the first place that men were suitably traiiiul and after- 
wards taking them into their employmer.t. - ' > 

In conclusion, Sir pfiilip Cunliffe-Lister commiaited upon the 
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itianner in which the problems of which he had just touched the 
fringe re-acted upon so many diverse industries and interest^. 
What was done in one country acted and re-acted in e^«ry other 
country, and it was in the knowledge that the Conference met in a , 
spirit of determination to carry out combined work for the general 
good of the nations of the world that he offered it a hearty welcome 
in the name of the Government, and coupled with the toast the 
name of Lord- Reading. 

The Most Hon. ihk Marquess oi- Reading. G.C.B., G C.V.O., 
G.C.S.I., G.r.LI^L, P.C., responding to the toast, expressed hisgrateful 
thanks rjn behalf r)f tlie Couference to Sir Philip Cunliffe-Lister for 
his cordial welcome aiul hi^ interesting address It was, he said, a 
recognition by Sir Philip, as the Minister mainly in charge of the 
matters ]j( ’ taming to this Conference, of the importance of the 
problems to b(“ fac(‘d as regards fuel Speaking for himself, T-ord ^ 
Reading said that, although he made no pretence to scientific or 
technic al knowledge on fuel, he was not uninterested ih tUc effftts 
that might be jiroduced by the Conference He was deeply interested 
in his couniry and also in international affairs, and for that reason 
h<‘ rcjoici'd that the jirivilege had Ix’en afforded him of presiding 
at the Conference and taking j)art in somi* of its activities. That it 
w^is an accident that Ik shoul[l 1)(‘ in the chair, due to the enforced 
absence abroad (jf Lord Melchett, was a matter of regiet for the 
members of the Conference, but to hmiself it was^a real privilege 
to occupy the pn-sent jxisition 

Having considered various aspects of the problems with which 
the Conference was to c^cal, continui’d Lord Reading, he felt 
he would like tti hav(‘ the opportunity of listening to the 
paper and discussion s(‘eking +o simplify the terms used, so that 
when mi’ll pnet to confer they would be on common ground 
and would not di.sco^a‘r after much time and labour that they 
all mi’ant the same thing when tlii’y had appealed to differ, 
due to the use of terms whicii did not carry to all the same interpre- 
tation The ])icture presented by the President of the Board of 
Trade with regard to Great Britain alone, was of absorl^ing inj|erest, 
and he would not attempt to recapitulate or reinforce what tiad 
been said by the President of the Board of Trp-de with much greater 
authority and knowledge than he himself possessed; but at least 
we could all teel assured that in the deliberatio is of the Conference 
and in th^» results that would ensue, . there would be benefit to 
industries which had such great importance in this country, and 
which also afiect the prosperity of thf world. The Conference 

w^s a World Conference, not only a national one, and therefore 

xxviii 



valuable advantages should inevitably ensue from its deliberations. 
Speaking of tlie possible conflicting interests represented at the 
Conferentjp in the various departments of power production, Lord 
Reading said that hg had recently heard tliat of the power produced 
in the world at present, 30 j)er ceyt. was represented by water and* 
oil.’^nd Ijie remainder by C()al, so that there was room still for oil 
and water. At the same time he hoped that those interested in coal 
would not lag behind. Indeed, thert* was a future for all forms of 
power, and the spirit that imbued the Conference was to seek out 
the best jneans of development in all tlirections regardless of the 
particular interests of industries or nat,ion.s to devtdop the avenues 
of knowledge and to produc^ new discoveries, and tints add to the 
scientific knowledge of the woild ,J>y such me.ins cheaper pro- 
duction would be ensured and tradi* would be (U“veloped tliroughout 
the universe No country to-day could afford to disregard the 
influence of science upon industry Time was, ])erlia])S, when 
Hritavn was a little slow in the jirompt application of science 
to industry, but it must be lenu'mlx'iod that discoveries in the 
laboratory were not always imiiK'diately capable of pHulucmg 
practical results. The lime was. liowevia , ra[)idly approaching 
when we should fiot licsitate to ‘-eize upon knowk'dge produced 
and tested by research and to avail ourselvi's of its benefits 
There was, however, anothc'r asp(\n of this rjiiestion which hid 
impressed itself upon his mind as lie had (‘luk'avoured to survey tiic 
situation as a layman wkh soini' e\])eri('nce .of world affairs, an 
aspect which had warmed his bloofl and kmdk d Ips imagination. 
If in these circumstances he allowed himself to speak with a little 
more enthusiasm than wa.-^ p^rinissibl(‘ amongst scientists and 
technicians, he was sure lie .would be pardoned when it was realised 
that he w^as speaking from a drep coiAaction. Tlji' imi)ression in his 
mind was that this World Conferenci' with its forty-epght nations, 
some of whom were only recenth' at wijr, was meeting without re- 
gard to politLal differences and was er^agedjipun a common object 
witli^a common interest and with a de.^^re not so inucK to add to A 
particular nation's* asset as with a desire to contribute ito the ^ 
bepefit of the whole world. It was a great ideal, the effect of which 
was difficult to catch at first sight. During the Conference the 
members would meet in social intercourse tis well as in the discussion 
of their problems. Men would come into coi>t?ict wij:h each other 
who had failed, pprhaps, to appreciate the value of men of another 
n^ition. In this way asperiti'es which may still have lingered might 
be smoothed away. A common interest seeking io develop the 
prosperity of the world, linked them together and mac!e .^hcm all 
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politicians in the same cause; it made them all co-workers with 
the same object in view, co-ojierator.s in the great world peace which 
everybody was seeking to |K‘rpetuate He liked to dwell ^ipon this 
as])ect wliK'h was, p('rha])s. especially appropriate at the ^moment 
'wht'n only (piitc* recently the I^ict for the renunciation of war had 
been signefl in Paris, an inij)ortant step taken iincxpressifm of^-Ltie 
desire of the world for jieari'. A common interest was one of the 
strongest factors for jieace It was an interesting speculation in 
history to cast one’s mind back upon the wars of tin; past and to 
wonder how many of them would nev(T hav<' taken place Imt for 
the kei’ii ( onijX'tiUon l)etw,e(‘n natajiis, and had they all been 
engaged together in seeking the coiniv.on pros])erity of humanity 
With that thought in mind Ik- liked to dwell on the effect of this 
CO o])eration I'ls exem|)hlied m the h'liel Conference, because 
he l)elie\'ed that work ol this chaiactca laid foundations which m i 
the flit me would have grcMt effcH't upon the* political world As one 
who desired a world pc'ace, hi* fc'lt that science' should no longer be 
employed in tlu' work of destriK tion but should ( oncentrate U])on 
construction, and in again thanking Sir Philip ( uiiliPfe-Lister lor 
addressing (he C'onlereiice and thanking the (Vmferc'nce for giving 
him the j)ri\'ilege ol presiding ovei it. Lord Reading said he had 
endeavoured, ver\’ madecpiately, to exprccss the tlioughl that the 
ultimate aim for which all iiiusl stii\e and work, so long as the\' 
were anxious to do Iheir dul\’ to the^woild, was to end(‘a\’our to 
lay foundations wlm h would hel]) m flu‘ di*sire for a world peace. 
SiK n.AMi) Milni AVa'ison ((irc'at Hritain), jiroposing “Our 
Ciuests,” said it was a toast which reall\' reciiiired no words of 
his lo c'ommc'iid it, because he kny,w it would bi' received with th(‘ 
utmost sinceritv^ and lieartinc'.s^ NeW'-r had he more regrc'tted 
than at the nioiin'iit, the happenings of the* Tower of Isabel, or 
wished that tlic're was some* conmioii language' m whicli he could 
say how^ niucli wv lejoiccxc to have present so many distinguishi'd 
friends from all ])a''ts /if thc„ world: liow' gluvlly wo wOconied them 
to London, and liow' much we hopi'd that thc^y would enjoy 4:heir 
stay Inre, and th.it when the Confenaice W'as at an caid they would 
take aw'av with them memories of their visit as happ\' and as 
lasting as those which we, tlieir hosts that evening, took away witli 
us after the Sectional ^meeting at Haslc held undc^ the able presi- 
dency of Dr Edouaid Tis.sot. 

On tlu' occasiem of the first meeting of the WorldPower Conference 
wiiidi took place in London just over four years ago, we had the 
plcasMie of wflcoiTi^ing tlie representatives of some forty nations. 
That exVmng. despite the fact that they had assembled for a 





Sectional Onference only, and not for a plenary session, there were re- ^ 
presentatives of forty-eight countries present . That large attendandb 
indicated 4hat the Conforei\ce w^as a real force meeting a real need. 
The sayi»g “All work aJid no play makes Jack a dull boy” was one • 
which must h^vc a counterpart in some fomi or another in every 
ton^ie, aRd he cohfessed that as he studied the Programme of tlie 
Conference he ftdt that even the most greedy searcher after know'- 
ledge would find moments ot relaxation necessary. The meetings 
of the WorlckPower Conference had ver)" gn'at intrinsic importance. 
They alsoVhad a significance much greater than at iirst siglit would 
appear? They had gathered from all parts of the world to discuss 
matters which were of commofi interest to all, to h(‘ar from scientists 
and technicians of all kinds the latest advances vvhicli^ had been 
made towards the solution of each branch ot the woilrl's fuel 
problem and to share olie with another the discoveries wliieli science 
and experience had revealed since the Conh'rence at Basle. Just 
as in every country there must be rivalry, competition and conflict 
of interest between those directly concerni'd with the various 
branches of fuel produttion and supply, .so as betw'oen coimtnrs, 
there must necessarily also be rivalry and divc'r.sity of views and 
interests, but to the great iH'iielit of oursedves and of the wi^rld at 
large these were laid aside at our mendings .•artificial geographical* 
divisions disappeared, and we became fellow workers in a great 
common cau.se. * • 

From our own point of view tlie wbrld was now a much smaller 
place than it used tc^bc, and the interdependence of the various 
units of mankind wdiich inhabited it was more and more bidiig boine 
in up>on us. No nation w'as, or*cgtiiJd be, entirely independent, 
and so it was that Conferences such a.s^thiswere almost a necessary 
concomitant of the world’s j)rogress They were necessary in our 
own individual interests and in tlie interests of the world as a whole. 
But these meetings had another and wider significance In discussing 
what he called domestic* problems in a^fraiik* ancl friendly spirit, • 
we Jeafned much of eaA other’s point *of view, of each other's 
difficulties, and thus came to understand each other in a way which 
must 'necessarily have a beneficial effect upon our international 
relations. We all rejoiced that the Pact of ^aris had betm adhered 
to by so many nations, and we rejoiced to knc»v that the League 
of Nations was constaj^tly striving to secure worl3-wide peace and 
good-will.* He was^* however, convinced that no greater impetus 
could be given to the cause of world peace than^iy thft meeting, of 
men from all parts of the world to discuss oommt^i inferes^. ^^uch 
meetings were becoming? increasingly common and increasingly^ 
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^ important and they must, in the very nature of things, <end to the 
(Creation of better relations and better understanding, and to tHe 
banishment of any atmosphere of suspicion and mistrust? 
r Being the Fuel Section of th(? World Ppwer Conference, we should 
be discussing inflammable matters, but he had no heiutation in 
predicting that the only heat which would be generated*woul*d be 
the heat of enthusiasm for our work and the heat required to weld 
still more strongly the happy bonds which already united us, and 
if there should be any “waste" heat, let it be used for'thc softening 
of the sword so that it might more readily bt‘ beaten into the 
ploughshan^ With the toast of “Our Guests" he coupled the 
names of M. Guillaume, Mr. E. V Hansen and Dr Edouard Tissot 

M Guillaume, Vice-Piesident of the French National Committee 
of the World Power Conference, was llie chief French delegate at the 
first Corif(‘rence in 1924 IJuring all his official career he was con-'^ 
nected with the Department of Mine\s in France, and had only i 
recently relinquished the post of Director of Mines He was also i 
an expert on synthetic fuels and wa^s the President of the National 
Nitrogen Association In addition to the great technical knowledge 
and experience which he brought to the work of the Conference, 
M. Guillaume had wide experience of international affairs 
r In Mr, Hansen we had a .President of a National Committee — 
that of Sweden — and he. too, was his country's chief delegate at the 
first World Power Conference in I92»l His intimate knowledge of 
the problems of water supjdj' for power and other purposes cul-* 
minated in his appointment as Director-General of the Royal Board 
of Waterfalls, a post from which he had recently resigned, to the 
great regret of his colleagues^ Mr’ Hansen also had an international 
reputation. He had been connected with tlie League of Nations 
since 1924, and as an engineer he had been honoured by the 
University of Dresden Mr. Hansen was a loyal supporter of the 
Conference, and to him as to M. Guillaume, Sir David expressed 
, pleasure at seeing them cAice mor^. in London. 

Dr. Edouard Tissot would be rcmemberetl as the President* of the 
Basle Sectional meeting of 1 926, the organisation of which under his 
direction was excellent, and an extremely cordial receptioil was 
given to the British and other foreign delegates. Dr. Tissot was 
Vice-Chairman of the International Executive Council of the World 
Power Conference, and President of the SwisF National Committee. 
He wasQ Doctor of Science; and although since 1907 he' had been 
Director atui Managing Director of the Swiss Railway Bank, he 
had by no means severed his connection with the electricity industry 
in which he began his career. 
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M. Guili.aume (P'rance) spoke in French as follows ; — ^ 

• En 1924 nous avons applaudi de grand ca'ur ici memo k la naissailce 
de la Cdnf^rcncc mondialc de I’cnergie et a Vidcc gt^iercuse qiii 
I’avait vigendree. * 

Nous Ktrouvant a quatre ans d intervalle, c'est pour nous un 
plaisir ere constaler les resultats obtc‘nus ct le siicces qui a marque 
les differentes manifestations de la Conference. 

C'est surtout pour nous un devoir, et un devoir cjui nous est tres 
agreable, d«nine jiart de fcliciter les promoteurs de Tent reprise, et 
tour par\iculierenient le ties distingue juesidenl dii Coniite exenuitif 
international. Monsieur Dunlop, de ce succes qui dans une tres 
large mesure est son teuvre\'t ctdle d(' ses ((dlaborateurs; d’autre 
part, de remercier le Connie national anglais de I'organisation si 
parfaite du congres qui v'ient de s'ouvrii (d de raerueil si plein de 
rordialite qu’il nous a menage 

Le nombre des nalioiis repiesentet's iei atleste (pie la ('onference 
est devemie ventablerneni mondiale; nous nous telK itons de voir 
participer aux congies (U s natuuis ipn n’etaiiavt pas representees a 
Londres en 1924 Nul doutt' (pie rinteret des travaux de la Confci- 
ence et \vs resultats a en attcMidre (*n soient puissamintMit accrus. 

Pour appreeier eel interot il suftit de jeter un coup d'uil sur U‘ 
programm(‘ qui eiicadres les (jiK'stjons cf»i(' vous allez discut^r 
dans les prochaiiis jours, Messieuis Jsi certames d'entre elles onl 
plus d’importattct* pour les ^avs [irodiK teurs de combustibles, les 
* autres ([Ui concernent la ineilleufe utilisation de ciMix-ci son! 
capitalcs pour toute» les nations puiscpi’elles tendent a eviter une 
dissipation de I’energits c’est-a-dire d’une des pai tit's (‘ssentielles du 
patnmoine humain. 

Certains des problemes que vous aijrez a examiner out re^u d6j^ 
une solution satisfaisante, sinon definitivt* 

Vous pourrez enregistrer Icchemm parcouru depuis quatre ans. La 
constatation par les congrt's des resultats o^tenus dont la progression 
est rapide tendra a provoquer I'extensi^n de^ proc6dcs qui ont faiC 
Icufs preuves. • * 

D' autres prjoblemes ne sont encore qu’a un stade moms avanc6. 
Ils fefevent encore du laboratoirc ou des essais industriels. 

L’examen des rechcrches poursuivies dans les diffdrents pays, 
I'echange cVidees^uquelcetcxamendonneralieu^coordineralesefforts, 
orientera les etudes nouvellcs et hatera I'hcure klaquclle la solution 
pourra ^re obtenue Mais peut-etre la discussion des problwnes tech- 
niques qui figurent a I'ordrc du jour du congres eUles pwigiesquecette 
discussion peut suscitcr, ne constituent fias I’olfjct uniq®^*, je serai 
tente de dire Lobjet priifcipal de la Conference mondiale de 1 Y'liergie, 
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Ce qui fait la grandeur de la tiche qu’elle poursuit, sont les 
^\d^es d’union, de collaboration, de solidarite entre les nations qui 
sont k la base de sa constitution ^ 

^ Ces id6es d’union et dc collaboration sont particulieremeijt essen- 
tielles lorsqu’il s'agit d'une industrie qui comme celle cjes com- 
bustibles est soumise a des fluctuations economiques dont I'lncideiice 
sur la vie des pays est si importante. 

Plus les civilisations qui traduiscnt le rcsultat de I'evoloution 
des peuples au cours dc Icur histoirc sont marquees d^ differences 
profondcs, jdus diffcrc lour manicre d'onvisager les puoblcmes 
nationaux ot sociaux et plus les contacts sont n6cessaireS pour 
rapprocher les p)oints dc vuo. 11 faut sc rciinir pour sc connaitre, 
il faut sc connailn' pour sc comprendre, il faut sc romprendre pour 
s’entendre 

La Conference niondialc dc I’energic a conquis sa place au premier 
rang des organisations Internationales qui dans les domames 
technique et (^conomujiic sccondcnt puissamment I'cffort que 
poursuivcnt les gouvcrncmcnts dans Ic domainc politique 
La contriliulion (|uc la Conference mondialc de I'encrgie apporte 
k I'entente entre les peujdcs est pcut-<^tre le plus beau titre dont 
ello peut sc glorifier. 

C'est pour nous unc rai«on dc temoigner aujourd'hui notro gratitude 
au Comitc national anglais dont nous avons k nouveau k appn^cier 
la large hospitalite , 

Je vous demande, Messieurs, dc lever vos verres a la sante de nos 
hotes. ^ 

Dr. E. Tissoi (Switzerland) first of all thanked Sir David Milne- 
Watson for what ho had said on bcJvilf of Switzerland and himself. If 
the Basle Sectional Meeting was a success, it was due to general good- 
will; and as Great Britain, of all the participants, assisted so greatly 
by the pre.sentation of interesting papers and in taking part in the 
discussions, it followed that the Swiss people were happy and proud 
to receive the Briti .h delegate's, and to do everything possible to make 
their stay in Switzerland as agreeable as poss’ble. It was now his turn 
to thank the organisers of the Fuel Conference for the excellent 
arrangements that had been made and the splendid way in Which 
the delegates had been received. In these circumstances the Con- 
ference could not fad to be a full success. The^Jarge number of 
papers presented prhved the great interest the world took in this 
Conference and fully justified the support that had been given to 
the proposa,! to hold a world Fuel Conference. It was due to the 
efforts of the Inter^national Executive Council of the World Power 
Conference that these Sectional Conferences were proving such 
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outstanding successes because the policy of treating matters of 
general interest and organising Conferences in different countcies 
was seciiring for the Wqrld Power Conference true friends from 
all part^ of the world. * 

The fiKt Sectional Meeting held at Basle in 1926 was a great sue- 
ceSs, ana the present second Sectional Meeting proved once more its 
necessity and utility. The Basle Conference discussed the utilisation 
of water power in its various aspects and the present Conference 
completed >he work in a most natural way by considering the use 
of fud f&r power production. The jirogress made m the development 
of both sources of power had been so great and rapid in these few 
years that it was difficult ^o follow it, and it was only by Con- 
ferences such as these that a general bird’s eye view of the progress 
made and still to be made could be obtained 

The International Executive Council had decided to prepare 
statistics on the power resources of the world on a comparable basis 
and to place them at the general dispo.^al of the various countries of 
the world. Switzerland had been asktnl to j)reparc the statistics in 
connection with water power and had started to work already. The 
speaker hoped that the Sectional Meeting of London would provide 
the data required to enable lapid progress to be made in making the 
inventory of fuel resources in the world, n order that the worjd 
knows where we are, and in how many years we may have to die 
for want of hegt as a consequence of the continuous consumption 
of the material generating heat. • 

It was true that Resides water power there wa5 still available 
energy from the sun and the tides, and also from the wind, and 
perhaps the time would come \fhjn,it would be possible to store 
these energies economically and so replace bit by bit the energy 
spent by the use of fuel. The day might come* when the Council 
would organise a Sectional Meeting for the discussion of the storage 
and rational use of these forms of power. \\s a matter of fact France 
and Denmarl? were pr^aring statistic# on these sourc(‘s of power 
which might yet prove to be of prime interest, and it might then be 
possible to replace the missing fuel power which had been exhausted 
and" so enable life on the world to continue by the rational use of 
these other sources of energy. 

Mr. F. V. H^sen (Sweden), in the tinal^ reply to the toast, 
expressed the sincere thanks of the Swedish* delegation to Sir 
David Milne- Watson for the maimer in which he had welcomed the 
guests. The Swedes, he said, even from old tinges had*been in close 
connection with the inhabitants of Englagd. Adthoilkand years ago 
their ancestors, the Vttings, came over to this country m their 
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tiny craft, sword in hand, to fetch — he was afraid in a rather rough 
land ready manner — cargoes of Knghsh products and other much 
desired treasures. In present day.s, the Swedes still demoded the 
^ood British products, but in a more civilised way, prepared to pay 
tor them in wari‘s such as wnod, pajier pulp and perliaps Swedish 
matches. • I? * 

Among l^iritish imxlucts, the inliabitants of Sweden specially 
needed coal because, in sjntc* of Swa‘den's abundance of water 
power and its exlc-nsivt* utilisation, the consumption of cdal 
was not diminislimg, becaust* many industries needed heat .wdiich 
was ratlur (*\j)c'nsivc when produced by electrical energy. 'Their 
railways, udnch weu‘ ^^■t only jiartly tdectrifi(‘d, also needed great 
(luantities of coal, as did the gas works in the largcT cities. Sw'eden 
had no coal seams ol any imjiortance, nor ctmld it boast of any 
resources of liquid fuel, and evc'U though their lioiucs and streets 
were almost umvei sally lighted bv cdectncal (“iKTgy obtaim'd from 
the hydro-t‘I(‘ctric seluanc'"', large (juantilu'S of licpiid fuel were 
requiri'd by motor cars and tractors and the Swt'di-sli merchant 
shijis which wt'ro achqiling oil engine's instead of steam to an 
incrc'asing extcnit All that fuel b.ad to be importc'd and it was, 
therefore, highly iinjioiiaiit to work tow^ai ds incrc'ased fuel economy 
For this reason it was ,\villi great e.xiiectations that they came to 
tl^is Conference' w’hich was to Uiseuss so many important (pieslions 
of this nailin'. 

They wtvc' all hajijn’ to nic'el so many eminent specialists 
and to learn from thc'ir gn'at experience Particularly happy 
were they to reviv'e olcl and imike uew' acquaintances among 
colleagues in Great Britain because' the Sw'edcs felt very strong 
sympathies for the British nation w'hicli cheated the w'ord gentle- 
man'' and showH'd •liow to live* up to it I'Jn'y waTC' conlidc^nt that 
' thc' ('onferehee would be of lasting value' to all countries of the world 
in regard to thc fuel yirolifems and also that it would further the 
friendly relations .between ^fhe peoples anrl thereby add to the 
prosperity of mankind l, i 

Col K. Moiccom, C B.K (Cneat Britain), proposed the final 
toast of the evening" "The Chairman." It was briefly acknow- 
ledged by the Marquess of Reading 
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RECEPTION BY HIS BRITANNIC 
MAJESTY’S GOVERNMENT 

On 'l\u*sday, ScpUinher a uHoi'lion lo di'lc^nitivs and 

ftiroign visitors to thr Idud Conforvnrv. arid ollitrs, was f^ivrn by 
Hi> Majesty's ( jovcnimienl at Lancaster House The Ri^ht Hon. 
Sir Phili]) ( iinlitfedaster, K IJ L . M (' , M.P , and Laily (Tinliffe- 
Lister received tlie j^uiesls The com >tiny was cuilertaiiied with a 
musical prof^rainme 

As IS WTdl known. LaiK'astiM’ House is t^ic' home iT th(‘ l.ondon 
Museum, and not only llu- f()iei.t,m xTsitois, but many l“Jritish ^metts 
were j,»lad to g.vail tlieinse^ves ol this opportunity for insi^ecting 
the nuim'roLis inten'stin^^ Vxhibits • 
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WORLD POWER CONFER^CE 


OBJECTS 

Thry R-solvt' that tlu' Objo/:ts, as set forth in the Menioi^aiiclum of 
July, 1924, should he ado})te(l as the ])crrnanL‘iit Objects of the 
World Power ConfereiK C' Thev are as follows — 


riu‘ |)urj)ose oi the World Pow'er Conference is to consi(l(‘r how 
the industrial and scientific sources ot jjower may be adjusted 
nationally and intirnatifinally 

Hy considcMin^^ the potential resources of each country in hydro- 
eh'clric ])owt‘r, oil, and minerals 

Py (ompaiiiijL; expeneiues in llie dev^elopmc'nt of scit^ntific aj^Ti- 
cultiirc', ilTi{^^'ltlon, and Iransportation by land, air, and water. 

^By ('oiiferences of civil, elecfncal, mechanii'al, marine, and mining 
Knf.;iiK‘ers, 'IVclniKal Pxperls, ^nd authorities on Scientific 
and Indiistiial Resc'an'h. . * 


By consultations of the Consumers of Power and the Manufacturers 
of the Instruments ol .Production 

r 

By ( onfcTences on Technical falucation to review the educational 
methods in cirtferent couittries, alid to consider means by which 
the existing facilities may be improvt'd. 


By discussions on the financial and economic aspec^ts of industry, 
nationally and intern alionally*. 

■' f t 


By Lonferences on the possibility of establishing a permanent 
World Bureau for the collection of data, the preparaticxi of 
Inventories of the World’s Resources, and the exchange of 
industrial and scientitic information througfj appointed repre- 
syntatives in 4h(* various countries. 
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LIST OF NATIONAL COMMITTEES 
AND REPRESENTATIVES 

Australian Commonwealth 


Chairman 

MR. H. G CARTER, Chief Electrical Engineer, Public Works Department 
of N S.W., Sydney 


Members 

MR. H. P. MOSS, Chief Electrical Engineer, Commonwealth t)epartment 
of Works and Railways, Melbourne 

MR. J. S. JUST, Engineer and Manager, City Electric Light Co Ltd., 
Brisbane 

MR. O W. BRAIN, Assistant Railway Commissioner, N.S.W. Railway.s 
and Tramways, Sydney 

MR. H. R FORBES-MACKAY, General Manager, Electricity Depart- 
ment, Sydney 

MR, F. W. CLEMENTS, Engineer and Manager, Melbourne Electric 
Supply Co. 

MR. H. R. HARPER, Chief Engineer, State Electricity Commission of 
Victoria 

MR F. W. H. WHEADON, Engineer and Manager, Adelaide Electric 
Supply Co. Ltd. 

MR. W. H. TAYLOR, General Manager, W.A. Government Tramways 
> and Electricity Supply, Per,‘h 

MR H. A, CURTIS, Chief Engineer and General Manager, Hydro- 
Electric Department, Hobart , 

MR. W. H MYERS, Chief Electrical Engineer, N.S.W. Government 
Railways q,nd Tramways, Sydney 

MR G. B. LINCOLNE, Consulting Engirfecr, Messrs. Lincolne, 
MacDougall and Demame, Melbourne 

t 

Secretary 

MR W. I^YNEbL HEBBLEWHITE,. Sydney 

Ref>rescntative, International Executive Cotmcil 
MR. F. C. FARAKER, Codimon wealth of Australia, London 


Austria 

Chairman 

ING. RUDOLF REICH, Scktionschcf a.D. (f d. Bundesministerium fur 
Land- und Forstwirt^haft) 

O • 

* o « Vice-Chairman 

ING OSKAR TAUSSIG, Kammerrat, Direktor der Osterr. Buntiesbahnen 
(f.d. Genrraldirektion der Osterr. BUndesbahnen) 

ING FRIEDR*JCH BROCK, Generaldirektor der nied, osterr. Elektrizitats- 
wirtschafts-A.G.‘ (f.d. ^Osterr. Ingenicur-ynd Architektenverein und 
die Vereinigten Grosswasscrkraftgesellschafften) 
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ING. EUGEN KAREL, Direktor der Weiner stadt. Elektrizitalswerkc 
f.d. Vertiknd der Elektrizitatswerke) 

^ Members 

ING. FRANZ AGG£RMANN, Sektionschef, (f.d. Bundesministenum 
fur Handel und Verkehr) 

ING. PAWL BRETSCHNEIDER, Gencraldirektor der osterr. Fiatwerke 
• (f.d. Kauptvertiand der Industrie Oeslerreichs) 

DR. RER. POL. UND ING. RUDOLF CZEIJA, Ministerialrat (f.d. 

Hundesminislerium fur Handel und Verkehr) 

DR. HEINRICH DEUTSCHMANN, Ministerialrat (f.d. Buntles- 
minislcricini fur Land- und Fortswirtschaft) 

ING RtV^OLF F'U,HRM.\NN, Ministerialrat (f.d Bundesministerium 
fift- Land- und Forstwiiischaft) • 

INCi MOKITZ GEK BEL, ( )l»crl»aiirat. hell ant und bccid Zivilingeincur 
fur Mascliincnbau und Elektrolechnik (V J.A. f d nied osteri Gewer- 
beverein. 

DR KARL GOTZINGER, Hofrat, Kammeraintsdireklor (f.d. Kaminer 
1. Handel, (lewerhe iitid liulnslne m Wien) 

DR. ADOLF (jSTOTTNEK, Oherhergral, Gcneralsekrelar (£ d. Vereiii 
der Bergwerksbesitzer Ostcrrcichs) 

DR EUfjiLN HKRZ. Kaniinerr.it, \ orslaiKKnntgliecl nnd Direktoi dci 
Osterrcichisch-Aliiine Monlangescdlsehafl, (f d Rammer fui Handel, 
Gtwcrhc und Indiistne in W'leii) 

ING RUDOLF IIOLENIA, Mmislerialral t J d Biindesminislcnum lur 
Land- und Forstwirlschaft) 

lN(i DR ARTHUR 11RUSC11K.\, .Mniislenalrat (f d Gcneraldircktion 
der (Jsteri Buiidcslialinen) 

ING EENST KAAN, Mmisienalrat (f (LBundci^imislcrium fur Handel 
und Verkehr) 

ING. LLT.)W1G KALLIR, Direktor dei A. E Ci Union Eleklrizitals- 
gesell.''Chaft tf d 1 iaui»t\^‘rh5nd der Indiislric ()slerrcidis) 

DR MARTIN KINK, Kamnicrrai, ge*sehafLsfuhrcn(ler Vervvalliingsrai 
dor ,'Mlgcmeincn B^uigesellsdiaft — ^A I’orr (f d. Kanmitr fur Handel, 
(levverbe und Industrie m Wien) 

INCi KONRAL) KRKN.NU^R, llauiMt, Zi\ ilingenu ur (f d r)sterr 
Ingenieurkammein) . 

L\(r OTd O KUNZE, Si ktionschel aD (f d Eleklrolediiitsdien \ erein 
in Wien) ' * • 

TNG MAX LOBLK-H, Direktor der Akliengesellsehaft der Wiener 
Lokalbahncn (f d VT-rband der osier. Lol^lbahneii und Klei.ibahnen) 

ING FRANZ^l^ETETi, u 6 Professor (f d Montanislische Hodischiile 
in Leoben) * ^ * 

ING OSKAR PRIMAVESI, oo Professiir (f d Wiener ’’i'lchni^dic 
Hochschule) ^ 

DR INCj LUDW I(j RK HTER, 0.0 Professor an der Tedmisdien Htidi- 
schule in Wien (f d, osterr. Verein dcutscher Ingcnieure) 

DR. ANTON RIEHL, Ministerialrat (f.d. Bundesministenum fur Handel 
und Verkehr)^ 

ING WENZEL RUCKER, Kammerrat, Direktor* dpr Osterr Siemens- 
Schucken W'erke (t.d Kanimer fur Handel, Gewerbe un3 Industrie in 
WiA) • ' 

HERR. HEINRICH SCHLOSSEl^ Gencraldirektor dcr ^Elektnzitats- 
und Slrassenbahngcscllschaft Linz und dcr Oberoster^f Wasserkr^ft- 
und Elektrizitats-A G Linz (f.d liaiiplvcrband (♦er Industsie Ocstcr- 
reichs) •* ’ ^ 



I)K HANS SCHMIDT, Mimsifrialrat (f.d. Bundesmirysterium fiir 
Handel und Verkehr) 

DR. ERNST SEJDEEIC Almislerprasidcnt a.D. (f.d. Wasserwirtschafts- 
\erl»and der oslerr, Industrie) , ' 

DR JNG HC. WALTER VOITH, in Ea.I M.Voith. St |'oltcn (f.d. 

Haii])tvc‘rl):ind der Industrie Oeslerreichs^ 

Belgium 

President 

Ai. LEIJA( QZ, Dircclcur (jenenil des Mines 
V ice-l’rcsident 

M. GIJS’J'WE GERAkD. Diixcteur General du ( omite Central i/idustriel 

M lIY'I'HOkC K, DiKcleur ( ieneril ties evidoilations elcclriques, a 
Bru.\clles 

SciTctary 

iVJ ANCIAL^X, In^enieiir jinncijial des Mines 
.'l\Mstant Scirclary 

M VAN J 1 Al/rEkl'.N, Seerelaire dc IT iiujii des evploUatioiis cleetnques 

Members 

M CAlMALl, iJiieeteiir ( icneral dc la kcderution des Associations Lhar- 
bonnieres de liel^Klue 

M t llh'Nr, Inueiiunr 01 i lu f a l.i Soiieu' Nutionale lies C Iiemins dc ler 
dc Belgique 

M COLSON, Directnur Cieneral de rotlice de rElcctncite aux C'hemins 

^ dc ler de I’Elat 

M C'OURTOY, Iiigoiieur ^ 

M DK BAS'r, I'lcsulenl du Coiuite electri-lcchniquc beige, ITofessor a 
rCnuersih de Lagi 
M I>,AN( kE.R, Ingeiiicur 

M DE LA 1'ALjLLE, Delegue des cx])Ioitali()us gazieres de Belgique 
M DKLiMlCR, Secretaire Geuer^iP du Ministere des I’onts el Chaussees 
M. bONTAJNE, Colonel 

M GIJ^LON, iT'olesseiir de cimstruetioii elect rolechniquc a IT'nuersile 
de Louvain 

M. GUINOTTE, l‘rcside,'.U de la Federation des Associations Charbon- 
iLieies de Belgique , 

M HABETS, Admiiiislratdur de la Societc anonyrne des Charburinages 
des Liegeois en Camp*nc * 

M. 'HALLEC'X, i'rofesscur d’Elcctncite a rUniversite de Bruxelles 
M J.AC OMBLE, Chel de service de relectricile de la ville dc Bruxelles 
M. LASSALLE, Ingeiiieur cn Chef des Tonis ct Chaussees 
M. LECTllEN, ITesident dc TUnion des exploitations electriques 

0 , , ' 

M. MARCTIAL, .Directeur, de la Compagnie Railway et Electriciie 
A1 T.ASSELKl (J, \ lee-Trcsideiil de rUiiion dei exploitations ^Icctriques 

M. L KE1,1R1ELS, Delegue du Groupement des Hauts-Fourneaux et 
Acienes* Beiges 

M. RICVLARD, Di'. eclcundc la Societe linancijere de transports ct d'entre- 
fiiises industrielles " 



M SIMQNIS, Ingenieur a la. Direclion Gtnerale de la Societe dc la 
\’ieilIc-Montagne 

M STEELS, Professcur d'ekctncile induslrielle a I’Uuu ersilc dt* Gand 

M V'EKDICKT, Cfijnipagnit finaiicicrc beige des Petroles 

M SM 'ftL, Dirccteur Commercial dtvs Chaibonnagcs ile Bonne-Esperance, ’ 
Bat^tne et Violette 

Brazil 

ChairiHitn 

DR Ll/KBiD ICVULO DE OI.IVMRV, Direcloi dc Serw^o Geulogico 
c .^f^ncralogico do Brasil 

MARIO DE ANDRADE RAMOS, DitclUii tia C oniii.inlna C'arbonifera 
S J crony mo 

AN\'IB\E AlA l',S 1'. \S roS, C lu r» da ScL^ao dc l-siiulos do iar\ao 
dcj Sul do Pai/ 

ItERSCJX de 1 aria AL\ IM, C1ki\ da Sci^an dc Sondagem 

British Guiana 

MR H N li CUBBE, M ln>l M M, (. nnsnluiiu Minim; Eaigniecr 

Bulgaria 

THE (.HAIRMW & C’OUNCIL, L\ SOt lETE DES IM.ENIErRS 
ET AROHITECTES bul(d\rl:s 

Dominion of tZanada 

ExcLulffi'i' ( ouuntttee 
* Chair »t An 

MR CiiAlG-ES C \MSELL, LED, Dcpnly MmisUr of 2»lims, Ottawa; 
Chairman, Dominion I'ucl Bouid 

MR J B CHALLII'.S. Maiiagci, Ilydi.uilic Di piii Inu iil , Shawinigan 
VV'ater and Power Co » 

MR R J DURDEY, General Seciclai^y, The Engineering Institute of 
Canada 

MR. F A GABY, D Sc , Chief Engineer, Hydro-Electric Power Com- 
mission of Ontario t 

MR, J T JOsJrINSTON, director, Dominion Water Power and Reclama- 
tion Service, Department of t^c Intei’lor " 

MR O. O LEEEBVRE, Chief Engineer, Quebec Streams Commission 

MR. JOHN MURPEIY, Electrical Engineer, DepaitnKiit of Railways 
and Canals; Chairman, Canadian Committee, International Electro- 
technical Commission 

^ Acting Secretary 

MR N MARR, Chief Hydraulic Engineer, Dumidioji VVaU;r Power and 
Reclamation Servic^, Department of the Interior 

Ceylon 

MR C F K SHARRQjCK, Distribution Engineer, Colom'Ao Electric 
Tramways and Lighting Co. 

xJv ■ 



ChUe 

Sr.SOk KOnOU’HO JARAMILLO, Acting Director, Chilean Stale 
Railways 

China 

MR. W Y. WENG MR. H. S. LIU 

MR. H. YANG MR. C HIN LI 

MR. T. H. CHIN MR O CHUNG 

MR Y. LI MR C. N. LU 

MR. K C CHOU MR W C KU 

Secretary 

THE DIRECTOR, Technical Bureau, Ministry of Industry, Peking 

Colombia 

SENOK JOS£ A MONTALGO, Ministry of Industries 
SENOK BELTS ARIO RUIZ, President, Colombian Society of Engineers 
PADRE SARRAZOLA, Chief of ihc Meteorological Observatory, San 
Bartolome 

DR ALKJ 'VNDRO I.OPEZ, C E. M Insi M M , M A Rejiresenta- 

tive, Inlcrnalional Excculive Council 

Czechoslovakia 

St* President 

PROF VLADIMIR LIST, Technical University, Brno 

• • 

V ice-Frvsidcn Is * 

TNG. K VANQUCEK, Mmislry of Public W'orks, Praha-Smichov 

DR. EMIL KOLBEN, Manufacturer, Ceskomoravska-Kolbcn-Danek, 
F’raha-Vysorany 

G cn chi F Sc cre tary 

DR K KNEIDL, Counsellor, Ministry of Public Works, Praha-Smichov 
Organising Secretary 

ING J. VENCL, General Secretary, Electrolechnicky Svaz Ceskoslovensky 
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President 
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Kepresenling Association of Danish Elcclncity Works — 

Vice-Presidents , 

PROF K AUHEl.'fc, Rojal Technical College; Representing Electro- 
technical Society. ^ 

MR H. H. •BLACHE, Director, Burmcister and Wain Ltd ; Representing 
Federation^c^ Danish Industries 

MR C>. V 4IOKCH, Manager of the British and Oriental Department of 
F lis Smidth and Co Ltd.; Representing ■.•JDanish Society of Civil 
^ Engineers 
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Hw. Secrttory 

MR. G. £. H^ARTZ, Dii^ctor, Federation of Danish Industries 


Members * 

XJR. F. k. KKE^S, Consulting Engineer ; Representing : Danish Society 
of Qvtl Engineers 

MR V. FAABORG-ANDERSEN, Secretary, Royal Danish Electricity 
Commission ; Representing : Danish Society of Civil Engineers 

MR POVIiT VINDING, Inspector of the Copenhagen Fire Department ; 
Reptesenting ; Danish Society of Civil Engineers 

MR*K. V. DRUM, Director, Sydostsjacl lands Hojspacndingsvaerk ; 
Representing ; Danish Soeiety of Civil Engineers 

MR T. C. THOMSEN, Civil Engineer; Representing : Danish Society of 
Civil Engineers 

MR. S, A. FABER, Consulting Engineer; Representing : Danish Electro- 
technical Committee 

MR. C, J W. HENTZEN, Chief Engineer, Copenhagen Municipal Elec- 
tricity Works ; Representing Danish EIectit>tcchnical Committee 

MR. H. JORGENSEN. Director, Laur. Knudsens mek. Etabl. Ltd.; 
Representing ■ Electrotechnical Society 

MR C. JUUL, Civil Engineer, Enksen and Sardemann; Representing : 
Electrotechnical Society 

MR T. E. BOKRESEN, Director. Copenhagen Municipal Gas and 
Electricity Works ; Repre.senting ; Association of Danish Electricity 
Works 

MR OTl'O KOtTH, Directo^, AnheUselskabei Gudena.uentralen, Aarhus; 
Representing ; Association of Dartish Electricity Works 

MR. H. COHEN, Sub-Director, Porcclainfabriken "Norden” Ltd.; Re- 
presenting : Federation of Danish Industries 

MR H. W FADE, Director, Nord«ske Kabel-og Traadfabriker Ltd.; 
Representing : Federation of Daflisfl Industries 

PROF. TH E THOMSEN, Royal Technical Collcgp; Representing. 
Federation of Danish Industries 

MR. Dl’E-PETERSEN, Direclur, b'richs Ltd., Aarhus; Representing: 
Federation of Danish Industries. I 

MR. T. B. Tf-fi^-IGE, Maftufacturer, F’irm i^f Thomas 41. Thrige, Odense; 
Representing : Fedcrahon of Danish Ijidustries • 

PROF. E. SCHOU, Royal Technical College ^ 

PROF. P. E. RAASCHOU, Royal Technical College 

PROF, WM^ RUNCi, Royal Technical College; Representing: Royal 
Danish Electricity Commission ^ 

MR. H. FOGTMANN, Civil Engineer; Danish State Railways 

MR. A. ODEL, Sub-Director, Royal Dockyard ; Representing : The 
Admiralty 

NYEBOE, Civil Engineer; Representing, ./^socialion of 
Danish Peat Manufacturers • 

MR. E. I^SMUSSEN^ Director, Fredericia M&skin- an€ dektro- 
y ^ jp ^ iske Fabrikcr 'Ltd. ; Representing; Association of Engineers 
for Electrotechnical Installations 
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Dutch East Indies 

« 

Chairman 

IR. WOUTER COOL, Voorzitter van het Comit6 fan Bestuur der Ncder- 
landsch-Indische Spoorwcg-Maatschappy; President tier ^roep 
Nederlandsch-Indie van het Koninklyk Instlluut van Ingenieurs te 
Samarang • I « 

PROF. IR. J. N VAN DER LEY, Hoofd van den Diensl van. Water- 
kracht cn Elect riciteit, Buitengewoon Hooglecraar aan de Techische 
Hoogeschool te Bandoeng 

IR. F. P. C. S. VAN DER PLOEG. Hoofd van den bieijst van den 
Mynbouw te Bandoeng • ■ 

IR. J. G POUW, Adminislratcur der Bataafsche Petroleum Maa'tschappy 
te Tjcpoe 

IR. A J J)1KREN, Hoofdingenienr der F.lectncileitsbcdryven van de 
Nederlandsch Indische Gasmaatschapjiy te Weltevrcdcn 

IR W. LUXEMBURG, Direcleiir der Gasfabriek te Sucrabaja 
Secretary 

IR. H. R. BEUK.ELMAN, Hoofd der Inspectie Socrabaja van den Dienst 
van Beweging cii Handclszaken der Nederlandsch-Indische Spoorweg- 
Maatschappy le Soerabaja 

Ailing Secretary 

IR. H. JANSEN VAN RAAY, Nederlandsch-Indische Spoorweg-Maats- 
chappy, Samarang 


" Estonia 

MR. R. A. MOLLERSON, Estonian Tonsul-General ir. London 


Finland 

^ C^tairman 

MR. E W. SKOGSTROM, General Director, State Board of Highways 
and Water\yorks 

Vice -C hair ma*i 

MK HUGO MALMl, Dittector and Chief Engineer, Government Water 
Power Office 

• • c 

fieneral Secretary 

PROF. HARALD KYRKLAND, Technical University^ Helsinki 

Members 

MR R. E. BRUMMER, Electrical Engineer, Electric Power-Station, 
Helsinki 

MR. JALMAR CASTREN, General Director, Statue Railways 

MR. HENRIK CRONSTROM, Manager, Aktiebolagct Kaukas Fabrik 

MR. A. HARJU, Mechanical Engineer, Helsinki 

MR. P. ?AJULA, Master of I -aws, Acting Chief, The Commercial 
^ Bureau,<-Minptry for Foreign Affairs 

MR KARL STROMBERG, Director, FiTal and Power Corporation, 
t Helsinki i • 

<. ( . *• 
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MR. 0. 'SfeRHl, Director, Electrical Department, Hankkija, Helsinki 
PROF. B VVUOLLE, Technical University, Helsinki 
, Secretary 

MR. OT'^0 RATASlO, Secretary, Government Water Power Office 


France 


President 

M. MAGNIER, Dirccteur Honoraire dcs Forces Hydrauliques et des 
Distribut^ns d'Energie Electnque 

■ *• Vice-Presidents 

M. GlJlLLAUME, UireCteur Honoraire dcs Mines 

M LEGOUEZ, President de*!’ Union des Syndicats de TElectriciti, 
Membre de la Chambre S 3 mdicalc des Constructeiirs cle gros materiel 
clectrique. 

M MARLIO, President de la Chambre Syndicale des Forces Hydrauliques 

M. ERNEST MERCIER, President desigi e du Syndicat Professionel dcs 
Pnxlucteurs et distributcurs d’energie clectrique 

M. DE PEYERIMHOFF, President du Comitd C cntral des lloiiilleres de 
France 

M LAMBERT-RIBOT, Administraieur-deleguc (ieneral ilc la Cl.ambrc 
Syndicale des Forces Hydrauliques 


Men I hers 

M. ARBELOT, Directeur Honoraiie des Forces Hydrauliques et des 
Distributions d’Energie Electnque ^ • 

M. ARRIGHI DE CASANOVA, Ingenieur en Chef de I L'nion d'Llec- 
tricite ^ 

M. JANET, Directeur dc WEcote Suiicrieure el du Laboraloirc d Elec- 
tricite 

M. DE LA BROSSE,.lnspecteui Cicneral dcs Fonts et Chaussecs 
M. BIHOREAU, Sous-Directeiir de rOllicc National des Combustibles 
Liquidcs J 

M. BLONDIN, Directeur de la Re\ue Generale d’Elcclncite 
M. BRYLINSKI, President du' Coraite' Elcctiolechnique Frangais 
M. HENRI CAHEN, President du Syndicat Professionel des Producteurs 
et Dislribuleurs d'Encigic Lleclnque . 

M. DUMANQIS, Directeur de» Services Techniques de rOflice National 
dcs Combustibles Liquidcs . • * * ^ 

M. DE COURVILLE, President dc la Sodele dc Physique Industiiellc 
M. ESCHWEGGE, Vice-President de rUiiion Internationale dcs* Pro- 
ducteurs et Distributcurs d’energie electnque. President d’Honmur 
du Syndicat Professionel des Producteurs et distrilmleurs d energic 
elcctrique 

M. EYDOUX, DM-octeur des Etudes a TEcole J 'ulj^leclinique, i’rofesseiir 
a I'Ecole Nationale des Ponts et Chaussees , 


M. GABJEL, Directeur des Ateliers Neyret et Beylier et Piccard-Pictet 
M. LE GORREC, Secretaire General de la Societe Anonygic 9’exploita- 


tions Minieres Pechel bronn • ^ 

M. GERVAIS DE RO^UVILLE, Ingenieur en •Chef des* P^nts ct 
C^uss^es 
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' M. GROSSELIN, Ddlcgue General de la Sociad Frang^s des Elec- 
tricieos ' 

' M. GRIMPRET.-Directeur dc la Voirie Routidrc, des Forces Hydrau- 
liques et des Distributions d’Energi^ Electrique au Ministere des 
Travaux Publif:s * 

M. GRUNER, Vice-President cfu Comitc Central des Hfuilleres dc 
France t f ^ 

M. lAfBS, Vice-President du Syndicat Professionel des Producteurs et 
Dislribulcurs d’energic electrique 
M. MAILI IE, Pofcssc ur a la Faculte des Sciences 
M. MAROGER, Membre du Conseil dc la Chambrc Syndi%alc des Forces 
Hydrauliques / . 

M. GUSTAVE MERCIER; P/csident du Comitc Frangais dcsf Grands 
Barrages ^ 

M, PINEAU, Directcur dc I’Office National des Combustibles Liquidcs 
M. RATEAU, Membre dc I’Tnstilut, President du Comite Technique de 
la Socicle Ilydrolcchnicjiic de France 
M. ROLLAND D’ESTAPE, President de la Societc Technique du Ga/ 
M. ROSZAK, Professeur a I'Ecole Centrale des Arts et Manufactures; 

Membre dc la Commission Centrale dcs Machines a vapeur 
M. ROULAND, President du ( ornitc Frangais de TEclairage et du 
CbaufFagc 

M. SABATIER, Membre de ITnstitut 

M. SIEGLER, President au Syndicat Professionncl dc ITndustne du Gaz 
M. SABATlER-fiARAT, Mcmbie du Syndicat Professionncl de 
I’Jndiislne dii Gaz 

M. TROTE, Inspcc^cur Gcndi-al dc rplydrauliquc Agricole 

M IJLRKJd, Administratcur dc l.i C ic Gcncralc dc Simdagcs, 1 ’resident 
du Syndicat dcs Entrepreneurs d« Rcseaux el de Cftntiales Electriques 

General Secretary 

M GENISSIeU, Ingenieur en Chef dcs Ponts rt Chaussees 

Secretaries 

iVI MARTY, Secretaire-Gencrsrt d% Syndicat Professionel des Producteurs 
el distribuleurs d’cnergic electrique 

M. PARENT, Secretaire General du Coraite Central des Houilleres de 
France 

M TOCHON, Secretaire jGeneral de la Chambrc Syndicalc des Forces 
Hydrauliques , • 


Germany ’ 

Chairman 

GENERALDIREKTOR DR.-ING E.h CARL KOTTGEN, Stellvertrc- 
tender Vorsitzender dcs Dcutschcn Verbandes Technisch-Wissenschaft- 
lichcr Ycrcine 

* Vice-President 

GEHEIMER BAURAT PROF. DR.-ING. E.h. G. DE THIERHY, Vorsit- 
zendai- des Dcutschcn Verbandes Tecjmisch-Wissenschaftlicher Vereine 

• Secretary 

PROhi DR.-ING. t. MATSCIIOSS, Direkior des Vereins Deutscher 
Ingenieure 



■ ^ ' \Assistant Secretary 

DIPL.-ING.’f. ZyR NEDDEN, Geschaftsfuhrer beim ReichskoMen'iiit . * 

Members 

MINISTRY OF IIJTERIOR 
FOREK^ OFFICE , ■‘* 

MINISlkv OF ECONOMY 

mInistoy of Traffic 

MINISTRY OF THE GERMAN ARMY 
POST OFFICE 

ADMINISTRATION OF THE GERMAN FEDERAL RAILWAY 
COMPANY 

VEREIli DEUTSCHER INGENIEURE 
VEREIN DEUTSCHER EI^NHUTTENLEUTE 
VEREIN DEUTSCHER CHEMIKER 
VERBAND DEUTSCHER ELEKTROTECHNIKER 
SCHIFFBAUTESCHNISCHE GESELLSCHAFT 
DEUTSCHER VEREIN VON GAS- UND WASSERFACH- 
MANNERN 

VEREIN DEUTSCHER STRASSENBAHNEN KLEINBAHNEN 
UND PRIVATEISENBAHNEN 

VEREIN DER ZELLSTOFF- UND PAPIER-CIIEMIKER UND 
-INGENIEURE 

DEUTSCHE BUN SEN GESELLSCHAFT 

DEUTSCHE BELEUCHTUNGSTECHNISCHE GESELLSCHAFT 

DEUTSCHES MUSEUM VON MEISTiERWERKEN DER NATUR- 
WLSSENSUHAFT UND TECHNIK 

VEREIN IGUNQ DER ELEKTlilZITATSWERKE 
DEUTSCHE MASCHINENTECHNISCHE GESELLSCHAFT 
DEUTSCHE GESELLSCHAFT FUR BAUINGENIEURWESEN 
DEUTSCHE GESELLSCHAFT FUR METALLKUNDE 
VEREINIGUNG DER GROSSKEStliELBESITZER 
DEUTSCHER WASSERWIRTSCH^FT'S- UND WASSERRRAFT- 
VERBAND , 

HEINRICH-HERTZ-GESELLSCHAFT ZUR FORDERUNG DES 
FUNKWESENS 

DEUTSCHER KALTE-VEREIN 
DEUTSCHER* NORMENAUSSIUIUSS 

DEUTSCHER VERBAND FUR ’DIE MATERIALPRu'FUNGEN 
DER TECHNIK , 

ZENTRAL-VEREIN fur DEUTSCHE BINNENSCHIFFAHRT 
KAISER-WILHELM-GESELLSCHAFT 
TECHNICAL UNIVERSITY AACHEN 
TECHNICAL UMVERSITY BRESLAU 
TECHNICAL UNIVERSITY CHARLOTTENBURG 
TECHNICAL UNIVERSITY DANZIG 
TECHNICAL UNIVERSITY HANNOVER 
TECHNICAL UNIVERSITY KARLSRUHp 
TECHNICAL UNIVERStY STU'ITGART 

H. 



REICHSKOHLENRAT 

;iEICHSKURATORIUM FUR WIRTSCHAFTLIGHKElf 
REICHSVERBAND DER DEUTSCHEN INDUSTRIE 

ZENTRALVERBAND DER DEUTSCHEN , ELEKTROTECH- 
» NISCHEN INDUSTRIE 

VEREIN DEUTSCHER MASCHINENBAU-ANSTALTElJ 
ALLGEMEINEK DEUTSCHER VEKBAND DER'DAMPPKESSEL- 
UEBERWACHUNGS-VEREINE 

VEREINIGUNG DER DEUTSCHEN DAMPFKESSEL- UND 
APPARATE-INDUSTRIE 

Gold Coast 

Chairman 

SIR A. E KITSON, C.M G., C.B.E, Dirfclor, Geological Survey 

MR C. H KNOWLES, Hon. Director oi Agriculture 
MR. E. W. HOLMES, Secretary for Mines 
MR J. DODD, Chief Engineer, Gold Coast Railways 
MR E. P. PiROWN, Assistant Director of Public Works 
CAPT. C W BROWN, M.( , Senior Hydraulic Engineer 

Great Britain 

Chairman 

MR, J), N DLINLOP, O B h. , (.hainnan, International Executive Council, 
Woild IViVNcr Conference 

Secretary 

MR. C. RODGERS, OBE, BAlish Electrical and Allied Manufacturers’ 
Association 

DR. E E. ARMSTRONG, E.R.S.,' Ass/)ciation of "^British Chemical 
Manufacturers 

MR. l^L li. ATKINSON, The Lablc Makers’ ^Association 

MR. W. J. E. BIN N IE, The Association of Consulting Engineers 

MR. C. E BOTLEY, Past President, The Institution of Gas Engineers 

MR. IJ. A B REM NEK, The British Engineers’ Association 

SIR J R BROOKE, C.B., The Ministry of Transport 

SIR ATUL C CllATTERJEE, Kk IE, High Commissioner for India 

MR. R A LHATTOCKaTIic histiiution of Electrical Engineers 

SIR DCGALU. CL,ERK,^ KB.E., E.RS,.The Institution of Civil 
Engineers • 

DR,. H. G LOLM AN, Institute of Chemistry of Great Britain and Ireland 
DR. A. E DUN STAN, The Institution of Petroleum Technologists 

LT.-GEN. SIR WILLIAM PURSE, K.C.B., D.S.O.. The Imperial 
Institute 

SIR ALEXANDER GIBB, GBE, C H., The Institution of Chemical 
Engineer's 

MAJOR Li. GOAD, O.BE, The Air Ministry 

SIR ROBERT HADFIELU, BT., E.RS, The Federation W British 
Industfif's 

MR R HARyEY, Consulting Engineer to the Government of New 
»'teaiand r 
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MR. G. A. HEBDEN, The Coke Oven Managers' Association 
DR. C. H. LANDER, C.B.E, The Department of Scientific and Industrial • 
Research ” 

SIR WILLIAM J. LARKE, K.B E.^ National Federation ( f Iron and 
Steel Manufaefurers ^ 

MR, W^. LEE C.B.E., The Minin*g Association of Great Britain 
DR. H. LEVINSTEIN, The Society of Chemical Industry 
SIR BENJAMIN LONGBOTTOM, The British Electrical and Allied 
Manufacturers' Association 

MR. J. W MEARES, CM.E., Technical Adviser to High ComniissiontT 
for In^a 

MR. CHARLES H. MERZ, Consulting Engineer 
MR. R. J. MILBOURNE, J P.» The Society of British Gas Industries 
COL. R. K. MORCOM, C B.Bb, The British Electrical and Allied Manu- 
facturers' Association 

SIR (CHARLES L MORGAN. C B E . The Institution of Civil Engineers 
MR. W. H. PATCHELL, The Institution of Mechanical Engineers 

SIR POSEPH E. PETAVEL, KB.E, F.R S., The National Physical 
Laboratory 

MR F. W PURSE, The Incorporated Municipal Electrical Association 

MR. P J. PYBUS, CBE. The British Electrical and Allied Manufac- 
turers' Association 

ENG. VICE-ADM R W. SKELTON, CB, CB.K, D S O , The 
Admiralty 

MR. R. P. SLOAN, CBE, Inc Association of Electric Power Companies 
MR ROGER T. SMITH, Consulting ^ngincer » 

SIR JOHN SNELL, G.B E, Electricity Commission 

MR. C. P. SPARKS, C.B.E, Consulting Engineer 

MR. C. W. SULLY, The Electric Lamp Manufacturers' Association 

LT.-COL W. A. VIGNOLES, D S O., The British Electucal Develop- 
ment Association 

MR. L. WARD, O.B E., The Home Office 

SIR DAVID MILNE-WATSON, d’L; The National Gas Council of 
Great Britain and Ireland 


Greece 

M ELIAS TRAVLOS, Consulting Engineer * 

Hollind ^ 

lion. President 

IR. J. J. STEILTJES, Oud- Voorzitter van het Kunmkhjk Instituut van 
Ingenieurs 

• ■ President 

J. G BELLAAR SPRUYT, Voorzitter van de Vcrceniging van Direc- 
teuren van Electriciteits-bednjvcn in Nederland 

Member's o) the Board ^ 

IR.G J. T. BARKER, Secretaris van de Vereeni^yng Directeurcn 
van Elcctriciteitsbedrijvcii in Nederland * * 
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N. M. H. DOPPLER, Electrotechnisch Adviscur bij <ie Arbeidsinspcctic 

PROF. C, FELDMANN, Voorzitter van het Nederlanclsch Elcctro- 
^ technisch Comit£ 

PROF. DR. H. S. HALLO, Hooglecraar aaii dc Technische Hoogeschool 
, te Delft 

DR. W. LULOFS, Direcicur deV Gcmeentc Elmnciteiisverken te 
Amsterdam « } • 

L. M, A. BECKMAN, Voorzitter van de afdeeling Electro.techniek van 
het Koninklijk Instituut van Ingenieurs 

Secretaries 

IR R. A. VAN SANDICK, Algemcen Secretaris van het Koninklijk 
Instituut van Ingenieurs •' • 

IR. J. C. VAN STAVEREN, Direcicur van het Centraal Bureau van de 
Vereeniging van Dircctcuren van Eleqtriciteitsbcdnjvcn in Nederland 


Members 


PROF. DR. II. J F W BRUG- 
MANS 

IR. A. BRUNT 

PROF IR. J C DIJXHOORN 

IR L. II N DUb'OUR 

PROF IR I FRANCO 

IR L. M. GOSLINGS 

PROF DR IR J. GOUDRIAAN 

DR. ING N. A HALBERTSMA 

A. H. W. 11RLLEA1,^NS 

IR IT. J. KEUS 

IR 11 LOHR 

C J M. MILO 


IR W. J. MULLER 

JR. II. A. IIIDDE NIJLAND 

IK (' NOOME 

A F. PHILIPS 

J L PRAK 

IR A J ROELOFSZ 

PROF L. A VAN ROYEN 

DR E A SCIIOON 

F A. SMIT KLEIN E 

J J L SMITS 

DR L J TERN EDEN 

I'ROF M 1' VISSER 

DR Til I- B WOLFF 


Hungary 

MR. L DE VEREBELY, (, onsmliiig Engineer, State Counsellor of Public 
W/orks 


Indian Empire 

SIR ATUL C CHATTER) EE, K.C I.E., High Commissioner for India 
MR. J. W. MEARES, (TIE, Techni.ral Adviser 

THE INSTITUTE OF ENGINEERS, INDIA 

« 

Ireland 


Chairman 

I'ROF. D. CLARK, Trinity College, Dublin University 


Vice-Chairman 

PROF. F uH. ^HUMMEL, Queen’s University, Belfast 

Hon. Secretary and Treasurer 
MR. '^TATLOW,^ Consiflting Engineer 
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F!epre^intatives on Inrtemaiional Executive Council 
SIR JOHN PURSER GRIFFITH, Consulting Engineer 

MR. L. J. KETTLE, City Electrical Engineer, Dublin 

• 

^ Executizte Committee 

MR G%AIRTH, Secretary, Irish Gas Managers’ Association 
MR. J. O. HALEIWELL, CMiairniaii, Irish Gas Managers" Association 

MR. G. M. HARRISS, General Manager, Dublin United Tramways Co.; 
’The Institution of C'ivil Engineers of Ireland 

MR. W. H. MORTON, Assistant Mechanical Engineer, Great Southern 
l-tailwaiys 

MR, G.» F. PILDITCH, Electricity Supplj'^ Association of Ireland 

PROF. P. F. PURCELL, National University, Dublin 

MR, R TANHAM, Electricii^ Supply Association of Ireland 


Italy 

CONSIGLIO NAZIONALE DELLE RK KRCHI ., ROM \ 

Japan 

Chairmon 

DR. MASAWO KAMO, Professor of Mechanical Engineering, Tokyo 
Imperial University 

MR. GOIQII ABE, 1‘resident ; Abe Trading Lo, Ltd 

MR. SiHOHACHI AKIYAMA, Director of Mechanical Engineering 
Bureau, Imjicrial Government Railways 

DR EISHI AWOYAGl, Profes.sor of Electrical Engineering, Kyoto 
Imperial University 

DR. SHOJI GOTO, T’rofessor oi Metallurgy, Tokyo Imperial University 

DR. GENJIRO IIAMABE, Professor of Mechanical Engineering, Kyoto 
Imperial University * 

MR. TAKESHI HAMADA, President : Milsubshi Shipljuildmg and 
Engineering Co. ■ 

MR. KEIZABURO HASHIMOTO, President; Nippon Oil Co. 

MR. YASUSHIGE HAYASHI, Managing Director : Ujikawa Electric 
Co. 

MR. HACHl/l HIGO, Director; Spmitoifto Goslii Co ^ 

VICE-ADMIRAL YUZURU HIRAGA, I J.N , Director of Naval* 
Engineering Research Institute * 

MR. MOSABURO ICHIKAWA, Director : Mitsubishi Aircraft Co. 

VICE-ADMIRAL IWASABURO IKEDA, l.J.N . Director of Service 
Bureau, Japanese Admiralty 

MR. JUN-ICHIRO IMAOKA, President : Uraga^Dock Co. 

MR. SANNOSUKE INADA, Director of Industrial BureaeP; Department 
of Cjommunications 

MR. IKUTARO INOUYE, Managing Director : Electricai Association 
of Japan • 

MR KENSO IWAHAR>\, President : Shibaura Enj^neering Worlds 

DR. TAKESHI KAMOI, Emeritus Professor, Tokyo Imperial University, 



N. M. H. DOPPLER, Electrotechnisch Adviscur bij de Arbeidsinspectie 
‘ PROF. C. FELDiMANN, Voorzitter van het Nederlandsch Electro- 
technisch Comitd 

PROF. DR. H. S. HALLO, Hoogleeraar aan de Technische Hoogcschool 
^ tc Delft 

DR. W. LULOFS, Dircclcur dcr Gcmeente Ekciriciteitsy erken tc 
Amsterdam t J • 

L. M. A. BECKMAN, Voorzitter van de afdeeling Electro,techniek van 
het Koninklijk Instituut van Ingcnieurs 


Secretaries 

IR R A VAN SANDICK, Algcmcen Secretaris van het Koninklijk 
Instituut van Ingcnieurs / ■ 

]R. J. C. VAN STAVEREN, Directeur van het Ccntraal Bureau van dc 
Verceniging van Dircctcurcn van EleQtriciteitsbedrijvcn in Nederland 


Members 


PROF. DR. H J. F. W. BRUG- 
MANS 

IR. A BRUNT 

PROF. IR. J. C. DIJXllOORN 

IR. L H. N DU FOUR 

PROF. IR I FRANCO 

IR. L. M GOSLINGS 

PROF. DR IR. J. C.OUDR1AAN 

DR ING. N. A. H^LBERTSl^lA 

A H. W HELLEM^NS 

IR, II J KEUS 

IR, TI. l.OHR 

C J M MILO 


IR. W J. MULLER 

JR II A IIIDDE NIJLAND 

IR C NOOME 

A F. PHILIPS 

J L PRAK 

IR A J ROELOFSZ 

PROF L. A VAN ROYEN 

DR. E A , SCHOON 

F A SMIT KLEINE 

J J L SAHTS 

DR L J TERN EDEN 

I’ROF M F VISSER 

DR TR F IJ WOl.FF 


Hungary 

MR L DE VEREBtLY, Consirlling Engineer, Slate Counsellor of Public 
Works 


Indian Empire 

SIR ATUL C. chatter) HE, K.C1E, High Commissioner for India 
MR J. W. MEARES, C I E , ‘Tcclmval Advised 
THE INSTITUTE OF ENGINEERS. INDIA 

Ireland 


Chairman 

PROF. D CLAiy.v Trinity College, Dublin University 
Vice-Chairman 

PROF. F.'»H HUMMEL, Queen’s University, Belfasi 

t 

lion. Secretary and Treasurer 
MR. Vy[ TATLOW,*^ Consulting Engineer i 
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Reprcs9nt(ytive5 on Inteniafional Executii'c Council 
SIR JOHN PURSER GRIFFITH, ConsiiUing Engineer 
MR. L. J. KETTLE, City Electrical Engineer, Dublin 

m 

^ Executive Committee • 

MR G%AIRTH, Secretary, Irish Gas Managers’ Association 
MR J. O. HALEIWELL, Chairman, Irish Gas Managers^ Association 

MR. G. M. HARRISS, General Manager, Dublin United Tramways Co.; 
The Institution of Civil Engineers of Ireland 

MR W. H. MORTON, Assistant Mechanical Engineer. Great Southern 

Railways 

MR. G,«F. PILDITCH, Electricity Supyly Association of Ireland 
PROF P. h PURCELL, National llnucrsity, Dublin 
MR R. TANHAM, ElectriciiV Supply Association of Ireland 


Italy 

CONSIGLIO NAZIONALE DELLE RlCEKCHi:, ROM A 

Japan 

Chairman 

DR. MASAWO KAMO, Professor of Mechanical Engineering, Tokyo 
Imperial University 

MR. GOICIll ABE, President : Abe Trading Co Ltd 

MR. .SilIOHAC'HI AKIYAMA, Direclor of Mechanical Engineering 
Bureau, Imjjcnal Government Railways 

DR EISHI AWOYAGl, >Vo lessor of Electrical Engineering, Kyott) 
Imperial University 

DR. SHOJI GOTO, Professor of Metallurgy, Tokyo Imperial University 

DR. GENJIRO HAMA.be, ITofessor of Mechanical Engineering, Kyoto 
Imperial University • ^ 

MR. TAKESHI HAMADA, President ; Milsubshi Shipbuilding and 
Engineering Co. • 

MR. KEIZABURO HASHIMOTO, President: Nippon Oil Co 

MR. YASUSHIGE HAYAS'HI, Managing Director . Ujikawa Electric 
Co. 

MR, HAC.Tll/l HIGO, Director . Sjimitoifto GosTii Co 

VICE-ADMIRAL YUZURU HIRAGA, IJ.N., Director of Naval* 
Engineering Research Institute * 

MR. M05ABUR0 ICHIKAWA, Director. Mitsubishi Aircraft Co. 

VICE-ADMIRAL IWASABURO IKEDA, l.J.N , Director of Service 
Bureau, Japanese Admiralty 

MR. JUN-ICHIRO IMAOKA, President : Uraga^Dock Co. 

MR. SANNOSUKE INADA, Director of Industrial Bureau? Department 
of Communications 

MR. IKUTARO INOUYE, Managing Direclor: Electricai Association 
of Japan • 

MR KENSO IWAHAR^^, President : Shibaura Engineering Worlds 

DR. TAKESHI KAMOI, Emeritus Professor, Tokyo Imperial University, 



Mli. SHIGERU KONDO, *Managiiig Director: Daido Electric Power 

c Co 

MR. SllOJl KONISHI, Industrial Bureau, Department of Commerce and 
Jiuliistry • 

MR. TOJIRO KURAHASHI. Managing Director: Association for the 
Promotion of Industrial Policy I 

MR SI 'REICH I MAYEHARA, Director of Engineering Division, 
Rii eyu of Eli'clncity, Deparlincnt of Communications 

DR TAMAK.1 MAKITA, ^lanaging Director: Mitsui Mining Co. 

MR MOTAYA TtfASUNAGA, Director of Bureau of Electricity, 
Imperial Government Railways • 

MR HARUO iMATSUI, Eecretary * Bureau of National •Resources, 
Imjicnal Jaiiancsc Government 

LIEUT -GENERAL NAOSUKE M«ArSUKI, I J.A., Director of 
Ordnance Buieaii, Imperial Japanese Army 

MR, KENJIRO MATSUMOTO, President. Meiji Mining Co 

MR YASLJZAKMON MATSUNAt.A. President: Toho Electric Power 
Co. 

MR .SlllNJTRO MATSUYAMA, Commercial Secretary of Japanese 
Embassy, London 

MR. ICllIJi MlTANl, I 'resident . Mitsubishi Mining Co. 

MR. YONEMATSU MITSUI, Director of Bureau of Mines, Department 
(jf t omiiKTcc and Industry 

DK TATSUMI MO(.'illD.'\, Managing Director, E'uji Gas Cotton 
Spinning C o 

MR J1 ROK K'U O.M URAl, ^Director of Bureau (f Electricity, Depart- 
ment of Lommunications 

DR. ALEXANDER NAGAl, Commercial Secretary of Japanese 
Embassy, Berlin • ^ • 

MR, K.ENJ1 NAKACiAWA, A.sistant General Manager . Nagoya Works, 
-Mitsubishi Aircraft Co. 

MR. NA.MIHEI OTAIRA, Managing Director : Hitachi Engineering Co. 

MR SEIJI OC'HI, Director: Im.specting Office of Ship-Provisions, Mer- 
cantile Marine Bureau, Dcpfirlment of Communications 

MR SAKURA OKA MOTO^ President : Toho Gas Co 

MR. TAKII1C.HI C)MUUA, Director of Railway Bureau, Korean Govern- 
ment General 

DR. YOSHIKIYO (JSIIIMA, Director of Fuel Research Institute, 
Dejiartmcn^ of ,Comii^rce and Industry • 

MR S.^BIIRO ROKKAKU, Director: Hitachi Engineering Co 

MiVJOR-GENKRAL KIKUTARO SASAMOTO, IJ.A., Engincer-in- 
Chicf, Headiiuarler.s of Military Aviation 

MR SHIGEHIRO SEKI, President: Illumination School^ Tokyo 
Electric C o 

BARON CHUSAi^URO SHIBA, Director of Aeronautical Research 
Instit\jU:c 

DR. KYOJI SUEHIRO, Professor of Naval Architecture, Tokyo 
Inv^ierial University 

RI-Alv-ADkl JKAL MASANDO SbHil, Director of Engineering 
Dij isioii, Jait'incse Admiralty 

Dli. SOZABURO SITJIURA, Managing ^Director ; Tokyo Gas Co. 
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DR. HEIJI TACHIKAWA, Deputy-Director of Industrial Department, 
Tokyo Electric Light Co. 

DR KIYOSHI TAKATSU, Director of Electric Research Institute, 
D^artment of Communications » 

DR. kILnGO TAKEMURA, Processor of Internal Combustion Engines, 
, Tokyo Imp vial University 

VICE-ADMIRAL HIDEO TAKEDA, I.J.N., President; Mitsubishi 
. Electrical Engineering Co. 

DR YOSHIO TANAKA, Professor of Applied Chemistry, Tokyo 
Imperial University 

MR MAS AT AKA TAXAWA, Managing Director. Denygosha Prime 
MoVer Manufacturing Co. • 

DR. TEIJIRO UEDA, Professor of Commercial Economy, Imperial 
College of Commerce, T^yo 

MR. SHOHACHI WAKAO. President : Tokyo Electric Light Co. 

DR. HIDETSUGU YAGI, Professor of Electrical Engineering, Tohoku 
Imperial University 

DR. SHUTCHI YAMAGUCHl, Professor of Mechanical Engineering, 
Kyushu Imperial University 

MR. YUKIO YAMAMOTO, Director of Marine Section, Department 
of Communications 

DR. TADAOKI YAAIAMOTO, Professor of Electrical Engineering. 
Dean of Engineering College, Waseda University 

LIEUT.-GEN. TOYOHIKO YOSHIDA, IJA, Director of Head- 
quarters of Military Technology 

Japanese National Committee: Addiiumal Representatives 

MR. KAKUGORO INOUYE, Vice-president of the Japan Power Asso- 
ciation • 

MR. SHUNKICHI MINOBE, President of Hokkaido Hydro-Electric 
Power Co. • 

MR. SHIRO NAKANISHI, Director of the Japan Power As-.ociation 
MR. JIRO TANAKA, Managing Director of the Nippon Oil Co 
MR. DANROKU SHONO, Direct oV o^ the Japan Power Association 

MR, SHINJI YOSHINO, Director of Uie Industry Bureau, Department 
of Commerce 

Secretary 

MR. T. HIRASAWA, Power Association of .Japan 

. *' 

Jugoslavia 

President 

ING. S. JELIC, Manager: Splosna Stravbena Druzba Ltd., Beograd; 
Member : The Jugoslav Engineers’ and Architects Association, 
Beograd Branch 

Vice-President 

ING. J. STIPETIC, Dean of the Science Faculty, Zagreb University; 

Charirman . The J. E. and A. A., Zagreb Branch > 

* 

Latvia 

Chairman 

PROF. DR ING. M. BIMANIS, University of V^tvia 
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f Vice^hairnttm 

PROF. DR. ING. K REZEVSKIS, University of Latvia 

Members 

ING. P. NOMALS, University of Latvia c 

ING. B. EINBERGS, Ministry of Transport and Gommunications * 

ING. A. KUZE, Ministry of Agriculture 

ING. K. VEJINS, Ministry of Finance 

ING. P. BIRKMANS, Society of Mechanics 

ING. A. VOEGEDINGS, Society of Industry 

ING J J AGARS, Bureau di Latvian City Congresses 

Secreiarj^ 

ING. P. STAKLE, Marine Department, Ministry of Finance 

Lithuania 

M. RICHARD VYSOCKIS, Ingenieur cn chef 

Luxemburg 

M. LE DIRECTEUR GENERAL DES TRAVAUX PUBLICS, Luxem- 
burg 

Mexico 

M A. MARTINEZ BACA, Commercial Attach^, Mexican Legation, 
London • « 

Dominion of New Zealand 

MR. F. W. FURKERT, Engineer-m-Chief and Under-Secretary, Public 
Works Department 

AIR F T. M KlSSl^'l.. Chief Electrical Engineer, Public Works Depart- 
ment 

MR. R J. HARVEY, Consultinij Engineer to the Government of New 
Zealand 

'Norway 

President 

AI. OLAF ROGSTAD, Director General, Norwegian Watercourse and 
Electricity Service ^ 

• • • 

Vice-President 

M. KNUD BRYN, Director ; A/S Hafslund 

Executive Committee 
Chairman 

M. S. KLOUMANN, Director ; A/S Hoyangfaldene 

c 

M. H. HQJiN, Director General, Oslo Gas and Electricity Works 
M. I KRISTENSEN, Director ; Norwegian Watercourse and Electricity 
Sct-vic^ 

M. J. SANBBERG, Secretary General, Society of Norwegian Electricity 
W«rks * e 

^ Secretary 

‘M. KRISTEN FRIIS, Consulting Civil Engineer 

* «... " 
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Nyasaland 

MR. J. D. MILNER, Acting Director of Public Works 


Peru* 


SENOR R. RIXRATH, Acting Consul-General in London 


Poland 

• Chairman , 

M. LUDWIK TOLLOCZKO, Electrical Engineer; Director : Electricity Co 
of Lodz Ltd.; former Minister ^f Posts and Telegraphs 

Vice-Chairman 

M. KAZIMIERZ SIWICKI, Electrical Engineer; Director: Electricity 
Department, Ministry of Public Works 


General Secretary 

PROF. BOHDAN STEFANOWSKI, Mechanical Engineer; Professor. 
Technical University," Warsaw 


Assistant Secretary 

M. CZESLAW MIKULSKl, Mechanical Engineer; Editor of "Jhzeglad 
Techniczny,” Warsaw 

Members 

MINISTRY OF AGRICULTURE AND STATE PROPERTIES 

MINISTRY OF TRANSPORT 

MINISTRY OF INDUSTRY AND COMMERCE 

MINISTRY OF INTERIOR 

MINISTRY OF WAR 

MINISTRY OF PUBLIC WORKS * ' 

CENTRAL HYDROGRAPHICAL OFFICE 

FEDERATION OF POLISH AGRICULTURAL INSTITUTIONS 

UNION OF CITY CORPORATIONS OF POLAND 

UNION OF MINING INDUSTRY 

UNION OF MIFTiNG AND METALLURGKAL INDUSTRIES OF 
UPPER SILESIA 

UNON OF REFINERS AND PRODUCERS OF MINERAL OIL 

UNION OF I-OLISH POWER STATIONS 

COUNCIL OF THE POLISH SUGAR INDUSTRY 

UNION OF TEXTILE INDUSTRY OF POLAND 

STEAM BOILER SUPERVISION ASSOCIATION 'OF KATOWICE 

STEAM BOILER SUPERVISION ASSOCIATION OF POZNAN 

STEAM BOILER SUPERVISION OF WARSAW 

STATE GEOLOGICAL INSTITUTE 

UNION OF GAS WORKS QF POLAND 

TECHNICAL UNIVERSITY, WARSAW 
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Portugal 

Hon Presidi^nt 

HIS EXCELLENC Y. THE MINISTER OF COMMERCKAND COM- 
MCNICATiONS 

President 

ENGINEER ES'^I'EVAM TORRES, Inspector of Public VV^orks 
1/^ ice-President 

ENGLNEER J. A LOJ'ES GALVAO, Admiiiislralor of .Water Services 
ENGINEEIC ALAlElDAtGARRETT, Technical Institute, -Lisbon 
ENGlNEl!.R ROLDAN 6!c PEGO, Director of Mines 
ENCWNl'.ER ESJ'ZQUJEL DE CA*\fPOS, Chief of Municipal Electrical 
Services 

ENGINEER VASCO TABORDA h'ERRlClRA, Chief of Electrical 
Depart meiit 


Roumania 

President 

M LE DR L MRAZKC, Le Almistere dc I’lndustne et du Commerce; 
Professeiii a I’Dniversile dc Biicarest ; Directeiir de I'lnstitiit (jco- 
lo|j:iqiie de Roninanu , Membrc de 1’ Acadetiiie roumaine 

i' u c-Presidcnt 

M, L’ INGEN 1 EUR C. D UUSIE X, Pmfesscur a I’ecole Polytechnique de 
B nearest , President de rinslilnl xNalional Roiimam poui I'clude de 
rainena^*einenl el de rutilisalmn des sources d'energie , le Coinite 
electrolechnique rouinam ^ ' 

M Lt DR INCiENlEUR P ANDRONESCU, le Comite electro- 
technique nuimain, Professeur a lecole Polytechnique de Timisoara 

M L’INCiENIEUR 1. ARAPU, le Mimstere des Travaux f^ublics; 
Professeur a lecole Polytechnique de Bucarest 

M L’JNt.KNlEUR EN CllEl- A. F BADKSCU, Directeur generale de 
la Soiiete Coinniunalif des tramways de Bucarest; I’lnslilut National 
Rouniain ])oiir I’etude de I’aiTienagement el dc riitilisation des 
sources d’energie 

M L’JNCjKN 1F,UR C BUDEANU, Professeur a I’ecole J^olytechnique 
de Bucarest. le C ojuitc clectrotcchnique roumafti 

M L’JNGENIEUR I E BUJOIU, Directeur general de la Societe 
g Anon 3 'me Roumaine “Lupem"; I’Association des liigenicurs des 
Mines 

M L’INGENIELIR EN CHEh' 1 BURUIANA, Directeur general de 
I’energie, le Almistere dc I’lndustrie et du Commerce 

M LINGENIEUR EN CHEF 1 CANTUNIARI, Ic Minislere des Com- 
immicatioirt ; Professeur a I’ecole Polytechnique de Bucarest 

M. S t) \CIlLER, la Reunion des usmes clectnqucs des territoires relies 
• a la Roumaine , Directeur dc I’usine electrique de Sibiu 

M. Tfl, Ml STNESt'U, ITInioii gcneralc des industriels dc Roumanie ; 
^ Ih'oiesseur a I’ecole Polytechnique de Bucarest 

«M L’lNGENMELTR EN CHEF 1. GANM'CHl, I’Association generale des 
Ingenieurs de Roumanie; rAdniinistration des chennns de fer rou- 
mams ^ e 
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M L’lNGENIEUK D. GERMANI, Rrofesseur a Tecolc I’olylechniquc de 
Bucarest 

M. L'TNGENIEUR EN CHEF I.S GHEORGHIU, la Soci^e Poly-‘ 
technique; Professeur a J’ecole Polytcchniqiie de Bucarest 

M. L'TNGENIEUR M. HANGAN, l<i Connie tUectrolechnique roumain ; 
Assistant a Tecolc Polytechnique dc Bucarest 

• • 

M. LE DR. D HURMCZESCC, le Comile eleclrolechnuiue roumain; 
Professeur et Dirccleur a rinslilut Eleclrolechniijue de rUmversite 
de Bucarest 

M. L'lNGENlEDR D LEON113A, le Comite elcctrolcchnique roumain; 
Professeur a I’ecolc Polylechniquc de Timisoara 

M. LE 'D*k G AIACOVEl, LTnstitut i;t*ologiquc de la Roumaine ; 
Professeur a I'ecole Polylechniquc de Bucarest 

M, LTNliENlEUR EN CHEF STEl'AN MIRKA, Lonfercncicr a 
ITnslitut elect roteclinique de rCni\ersiie de Bucarest 

M. LE DR L. BIOTAS, Directcur ijeiieral de la Societe Natioiiale de g:az 
Melhan; rinslitut National Roumain iiour relude dc ramenagement 
el de rulihsation des sources d’ener^ie 

M. ]^’IN(iKN 1 EUR A NILOLAU, Professeur a I'ecok I’olytechnique 
de Timisoara 

M L’lNGKNlKUR C OSlClfANl, rAssocialion des mduslncls de 
pelrole, Dirccteiir general de la Socielc “Slcaiia Romana" 

M L’lNGENlEUR TNSPEC TEL R GENERAL li POPESCU, la 
Societe iiationale du Liedit induslnel; Professeur a I'eLole l*oly- 
tcchniqiie de Bucarest 

M. LE DR S. PUOCOPIU. Dneiteur I'lnstitul eleclrolechniquc de 
rUniversile de Jassy; Professeur a ITkuversile dc Jassy 

M. L’lNGENlEUR 1. RARJNCESCl’, Directcur dc I’energie, le 
Ministere de rindustrie el du Commerce 

M. LTNGENIEUR JVI. SUPHIAN, le Alinistere de rJiuliislrie et du 
f'ommcrce; Conferencier a rinstitm Eleclrotechiutiue de ITkiixersile 
dc Bucarest 

L’lNGENlEUR J TANASESt'U, I’rofcsseur a I'ecole Polytechnique 
de Bucarest , I’lnstitut National Roumain pour I’etude de I'amenage- 
inenl ct dc rutilisation des sources d'energie 

AJ L’lNtiENlEUR N. TEODORESCLl, Directcur geneial des Chemins 
de Fcr Roumains ; rinslitut National Roumain pour I'ctude de 
I'amenageim-rrt ct de lutilisalion dcs sourqps d’enbergit 

AI L’lNCiENlELJR 1. YARD ALA, Directcur general des ports el des 
fleuves navigables; L’lnstilut National Roumain jiour I’etude ie 
ramenag^'ment el de I’utilisation des sources d’energie 

Al L'INSPECTEUR GENERAL N VASILESCU-KARPEN, le C oimte 
electrotechnique roumain; Professeur ct Directcur a I’ecole l oly- 
technique de Bucarest; Alembre dc I’Academic roumaine 

Ad. E. WOLFF, r Union des industries metallurgiques et mipieres de 
Roumanie 

• Secretary 

Ad. L'lNGENIEUR C. AdATEESCU, Societe Anonyme ^Roumanie 
“Klectrica" ; Assistant a I'ecole l*olytechnique de Bucarest ; I’lnstitut 
National Roumain pour Include de I’amenagement e\ de rulihsation 
des sources d’energie 
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. Russia 

President 

M. G. M. KRJIJANOWSKY, Ing.-Presideht du Gosplan U.S.S.R. 

Vice-President * 

M P. S. OSSADTSCHY, Prof.-Vice President du Gosplan U.S.S.R. 

Secretary 

M A. G KOGAN, Ing.-Membre dc la Prcsidcnce du Go.spIan, U.S.S.R. 

Members * 

M. A. A. GOREW, Prof.-Membre de la Presidence du Gosplan^ President 
dc la Section elcctrotethnique du Gosplan U.S.S.R. * 

M. W. A. LARITSCHEW, Ing -President dc la section thcrmotechnique 
du Gosplan U.S S.R. 

M. E L. KOENIG, Prof. -President dc la section hydraulique du Gosplan 
U.S.S.R. 


Southern Rhodesia 


MR. C L ROPERTSON, Hydrographic Engineer, Department of Agri- 
culture 


Spain 

Chairman 


EXCMO SR D. RODOLl O GELABERT, Directeur General de Obras 
Piiblicas 


Vice-Chairman 


SR. D. LUIS SANCHEZ tfUERVO, Ingeniero de Caminos, Canales y 
Puertos, Profesor dc la Escuela, mcimbro dc la Academia de ciencias y 
ex-direclor de Obras Publicus ^ 

Secretary 

SR. D. l^DRO M. GONZALEZ QUIJANO, Profesor de la Escuela 
especial de Ingeiiieros de Caminos, Canales y Puertos y miembro dc 
la Academia dc ciencias de Madrid 

• 

Members 


SR D. LUIS GOMEZ NAVARRO, Profesor de la Escuela de Ingenieros 
de Caminos, Canales y Puertos 

SR D. JOSE ORBEGOZO, IngcnuTo de Caminos, Canales y Puertos 

SR D. EMILJO AZAROLA, Ingeniero de Caminos, Canales y Puertos 

SR. D. DIECjO mayoral, Ingeniero de Caminos ^Canales y Puertos, 
Ex Director de la Compania Catalana de Gas y Electricidad 

SR. D. SERAP’IN ORUETA, Ingeniero dc Minas, Director tecnico de la 
Sociedad Hidroclectrica espahola 

SR D. CARLOS MENDOZA, Ingeniero de Caminos, Canales y Puertos, 
Director dc la Compania Mengemor 

SR. D. VICTOR MARTIN GIL, Ingeniero de Caminos, Canales y 
Puvtos, Jel'c de la Seccion de Aguas en la Direccion General de 
Obras Publicas 


SR ID. pERMAN DE LA MORA, Director-Gerente dc la Cooparativa 
Elecira de Madrid 

D. RitFABL CERERO, Jefe tecnico de la Union Electrica Madrilefia 

SR. D. ESTEBAN TERRADAS, Ingeniero de Caminos, Canales y 
Puertos e Industrial, Profesor dc la Universidad de Barcelona 
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SR. D. MANUEL LORENZO PARDO, Ingeniero de Caminos, Canales 
y Puertos, Director Tecnico de la Confederacion Sindical Hidro-, 
grafica del Ebro 

SR. D. EDUARDO FUNGA^RINO, Ingeniero de Caminos, Canales y 
Puert(|S, Director T4cnico de la Ccjnfederacion del Duero 
SR. D. JUSTO GONZALO, Ingeniero de Caminos, Canales y Puertos, 
•Director T6cnioo de la Confederacion del Guadalquivir 
SR. D. FRANCISCO GARCIA DE SOLA, Ingeniero de Caminos 
Canales y Puertos, Director Tecnico de la Confederation del Segura 
SR. D.' JOAQUIN VELASCO Y MARTIN, Delegado regio de la Con- 
federacion del Duero 

SR. D. ENRIQUE UCELAY, Secretario de la Asociacion de productores 
y disteibuidorcs de Electricidad • 

SR. D. JUAN A. ARTIGAS, Ingeniero Industrial 

Sweden 

Chairman 

*M. F. V. HANSEN, f.d. Generaldirektor, Kungl. Valtenfallsstyrelsen 
Vtce-Chairnion 

♦M. A. F. EN STROM, Kommerserad; Direktbr, Ingeniorsvetenskapsaka- 
demien 

Members 

M. W. BORGQUIST, Overdirektor, Kungl. Valtenfallsstyrelsen 
M. ROB DAHLANDER, Direktor, Slockholms Gas- & Elcktricitetsverk ; 

Ordforandc, Svcnska Elcklricitetsvcrksforeningen 
M, J. S. EDSTROM, Direktor, Allmanna Svcnska Elektriska Aktie- 
bolaget, Vasteras ; Ordforande, Sveriges Elcktroindustriforening 
M. E. C. ERICSON, Byradirektbr, KungU Kommerskollegium ; Sekre- 
terare, Svenska Elcklrotekniska Kommitten 
PROF. W. FELLfNIUS, Kungl. Tckniska Hbgskolan 
M. K. A. FROMAN, Byrachef,* Kungl. Valtenfallsstyrelsen; Sekretcrare 
Svenska Teknologfbreningen 

M. FR. GREWIN, Overingenior ; Teknisk Direktor, Holmens Bruks & 
Fabriks Aktiebolag, Norrkbping 
M. AUG. HERLENIUS, Kabmettskamrriarherre, Uddeholm 
M. TORSTEN HOLMGREN, Overingenior, Konsulterande ingenibr 
♦PROF. E. HUBENDICK, Kungl. Tekniska Hogskolan 

M. CARL KLEMAN, Civilingcnior ; Rcdaktor for Teknisk Tidskrift ; 

Sekretcrare, Svenska Vattenkraflfbrcningcn 
PROF. TORE LINDMARK, Kungl. Tekniska Hbgskolan 
PROF. SVANTfi LINDSTROM, Chalmers Tckniskra In^titut, Gbteborg 
*M. SVEN LUBECK, Landshbvding, Gavleborgs Ian, Gavle 
♦M. JOH. RUTHS, Direktbr, Akticbolaget Ruthsaccumulator 

M. MAURITZ SERRANDER, Direktor, Hammarforsens kraftaktie- 
bolag, Stockholm 

M. E. SIEVERT, Direktbr, Sundbybcrg 

M. EMIL SPETZ, Overingenior, Mellersta och Norra Sveriges Angpan- 
nefbrening, Stockholm 

M. I. OFVERHOLM, Byrichcf, Kungl. Jarnvagsstyrelsen 

Secretary 

M EDY VELANDER, Byraingenibr, Kungl. Vattenfalls^tyrehen ; JSekre- 
terare, Svenska Slectncitetsvcrksfbreningen • 

♦National Executive Committee 



Switzerland 


Chairman 

M. LE DK ED TISSOT, Delegue du .Conseil d’administration dc la 
Banqiic Suissc des C'hcmms de Fer, Bale ^ 

M A BUC'DI, Dircctcur, Fabnque de Locomotives Winterthur 
M J BUCllI, Tngenieur-Conscil, Zurich • ‘ 

M A. L CAFLISC H, Ingcnicur cn chef, Escher Wyss & Cie, Zurich 
jM J. COCHAND, Directcur, Sulzcr Freres, S. A Winterthur' 

M JI K GRUNER, liigemeur-Conseil ; Delegue de la Societe Suisse des 
Ingenieurs et Architcctes, Bale 

M LE DR. E HUBER-STOCKAR. anc chef de Telcctt ificalioii des 
Cliemins de fer h'ederaux, Berne 

M KLN'rSC'HEN, Ingeniiiir, Delefiie dii Service Federal des Eaux, 
Berne 

M J LANDRY, I'rofesseur a I’l 'niver.site de l^ausanne 
A1 A MEYEI'i., Direcleiir, Brown, Boveri & C'le, Baden 
M l-L l*\YO"r, Direcleur, Societe Suisse d'Jnduslne eleclrique, Bale 
At 1*' RINGW.A.LD, Direcleur des “C'enlralscluveizensche Kraft vverke” ; 
i'residcnl de I’LTnion de Centrales Suisse d’Electncite, Lucerne 

M LE DR, MAX RITT'ER, I*r(»fesseur, Ecole Polytechnique Federal, 
Zurich 

M Lh. DK E STF'INER, Vice-Prt sideni de rL'uion Suisse des C’on- 
sornmaleiirs d’Encrgie, Zurich 

M LE DK A STRK'Kl-ER, Direcleur, Societe Suisse pour Ic transport 
et le distribution (rcleclricile, Berne 

M LE DK O Wh'TTSTElN, Consieller aux F.lats , President dc 
rAssoeialion Suisse jiour rAinenageinent des Eaux, Zurich 

Af LE DR W W'YSSLlNtj, Professcut a I’EcoU* PolytecliiiKiiie Federal, 
Zurich 

Secretary 

M. H F' ZANGGEK, C. hef de la Division Technique du Secreianal- 
Geneial de rAssociatioii, Suisse des Elect riciens el dc I'Dnion de 
C 'em rales Suisses (rErectricite, Zurich 


Tanganyika Territory 

AfR F' (i PRATT, 1 director of Public Works 

• Union of South Africa 

Chairman 

AIK H VAN DF^R BIJL, t'hairman, F>lcclricily Supply Commission 
^ Vice-Chairman 

AIR W. ]>J^.SDON-DEW, Associated Scientific and Technical Societies 
. Secretary 

AIR. W DALSEN, Assistant to the Ch airman, Electricity Siip])ly 

C oinmis«ion 

\f\<. A A! JAC OBS, Senior Engineer, Erectricity Supply Commission 
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MR A. C. McCOLM, Commercial Manager, Eleclncily Supply Commis- 
sion 

MR BERNARD PRICE, Associated Scientific and Technical Societies 
MR B. S ^NKEY, South African IpstiUiLc of Electrical Engineers; 
Association of Municipal Electrical Engineers 

• • 

United States of America 

Honorary Chairman 

RON DW'KillT. F DAVIS. Secretary of Wui ; eliairman 1-cderal Power 
Commission * 

• Honorary l/u e-Chair)\inn 

RON. ill' BERT WORK, Secretary of the Inlerior; Memhei, l'e«leial 
J’owcr (.'oinmission • 

HON VN’TLEIAM M JARDINE, Secretary of XuncnlUire, Meiiilier, 
I'ederal T’ower f ommission 
HON HERBERT HOOVER, Secrelary of Comiiierci 
MR OWEN D YOl'Nfi, Chairman of Board of Direclois, (hiieral Eleetru 
C ompany 

iVlR SAMUEL INSUl.L, Presideiil. The Common v\ call h Edison C ompany 
of Chicago, III 

PROI' L P BRFC Kb'.NRlDCiE, late Mechanical Engineering Department, 
ShclVield Scieiilitic School, Yale Lhiiversity; Chairman, Advisory Board, 
Super- Bovver Survey 

MR SYDNEY Z MITC HEEL, Presidenl, Elcclnc Bond and Share 
C ompaii> 

(j'lin’nif Chairman^ 

MR O C ]\IEKR1LL, E.vecuUve Secret. uy, hccleral Bovver ( ommission 

* General I'iee-i hatnna^i 

• 

!MR H J J'lERCE, Biesident, Washington Irrigation and Develojmient 
Co., Rc])i esenting : The American Instilule of Electiical Engineers; 
The National Electric Light As'sociation 

Sei relary 

MR WILLIAM M STEUART, L)irector of*lhe Biire.iii of the ( ensus, 
Department of Commerce 

Tyreasurcr 

MR. H. ^1. ADDINSELL, Mcmhcr of Imfiii ot Hams, Fophc'. and Co,, 
New York 

• ISxccuti'i'e Conimiitec . 

MR O. C ^lERRlU., X'Accutive Secretary, Federal Bovvci Commission 
(C hairmari) ^ 

AIR. 11 J PIERCE, President, Washington Tnigation and Development 
Co (Vice-Chairman) 

MR H, 1. HARRTMAN, President, New England I’ower ( ompany. 
Representing: U.S. Chamber of Commerce 

COL. PETER JUNKERSFELD, Consulting Engineer, Ne,v\ York. 
Rejirescnting : The American Society of Civil Faigmecr', 

AIR. JOHN W. LIEB, New York Edison (_o. Reiircseiituig The 
American Institute of Electrical Engineers, The Assr^aalion of 
Edison Illuminating Companies • 

MR FRED R. LOW, FAIilor*of Coicc\r, Representing. The Ameridlin 
Society of Mechanical Engineers ; F'ederatcd American Engineering 
Societies • 
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MR. CALVIN W. RICE, Secretary, the American Society of Mechanical 
Engineers 

MR. DAVID B. RUSHMORE. General Electric Company. Representing : 
The American Electro-Chemical Society; The American Institute of 
Mining and Metallurgical Engineers; The American Society of 
Mechanical Engineers * 

MR. CALVERT TOWNLEY, Westinghouse Electric and Manufacturing 
Co. Representing : Federated American Engineering Societies ; 
The American Institute of Electrical Engineers 
Note : — This Committee is in process of re-organisation. 
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Hon. President: 

THE RIGHT HON. THE EARL OF BALFOUR, 

* K.G., O.M., F.R.S. 


President: 

THE MOST HON. THE MARQUESS OF READING, 

G.C.B., G.C.V.O., G.C.S.I., ^G.S.I.E. 


GRAND ’council 

MR. ALFRED C. ADAMS, The Institution of Petroleum Technologists. 
MR. RICHARD W. ALLEN, C.B.E., The Institution of Mechanical 
Engineers. 

THE RT. HON. SIR JOHN ANDERSON, G.C.B , The Home Office. 
LT.-GEN. SIR W. HASTINGS ANDERSON, K L.B., The War Office. 
MR. LL. B. ATKINSON, The Cable Makers Association. 

COL -COMMANDANT H. BIDDULPH, C B , C.M.G , D.S O., The Air 
Ministry. 

PROF. VV. A. BONE, D.Sc., Ph.D , F.R.S , The Iron and Steel Institute 
and University of London. 

PROF. H. BRIGGS, OB.E, DSc, PhD, University of Edinburgh. 
PROF^ F'. W. BURSTALL, University of Birmingham. 

SIR JOHN CADM/fN, K.CM.G, D.Sc., Anglo-Persian Oil Co. Ltd. 
MR W. CASH, The National Gas Council of Great Britain and Ireland. 
DR. G. C. CLAYTON, C.B E., Ph D., M.P., The Association of British 
Chemical Manufacturers. 

PROF. J. W. COBB, CB.E., University of Leeds. 

SIR ROBERT WALEY COHEN, KBE, Asiatic Petroleum Co. Ltd. 
PROF. J. D. CORMACK, CM.G, CB.E., D.Sc., University of Glasgow. 
SIR PHILIP DAWSON, M.P., The Institute of Fuel 
AIR S. B. DONKIN, The Association of Consulting Engineers. 

SIR ARTHUR D^JCKHAM, K.CB., The Institution ^of Chemical 
Engineers. 

MR. A. DUCKHAM, Royal Automobile Club. 

PROF. A. R. FTJLTON, University of St. Andrews. 

LT.-GEN. SIR WILLIAM T. FURSE, K.C.B , D.SO., Imperial Institute. 

THE RT. HON. THE LORD GAINFORD, D.L, Federation of British 
Industries. 

MR. E. GARCKE, The British Electrical and Allied Manufacturers' 
Association. 

SIR JOHN AT. GATTI, The British Electrical Development Association. 
PROF. A. H. GIBSON, D.Sc., University of Manchester. 

MR. JAMES HAMILTON, Anglo-American Oil Co. Ltd. - 

THE MOST HON. THE MAIIqUESS OF HARTINGTON, M.P., tCc 
S ociety of British Gas Industries. 
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KNCi-COMM. C. J. HAWKES, M Sc., University of Durham 
• MR Ci A HEHDEN, The Uoke Oven Managers' Association. 

MR S. HENSHAW, The National Benzole Co Ltd. 

MR. FRANK HODGES, National Fuel ‘and Lower Committee 

SIR THOM. AS HOLLAND, K‘C S.l , K (, IE. DSc, F.V S., Imperial 
C ollege of Science and Technology 
MR C. W. HURC'OMB, B , C.B E , Ministry of* Transport. * 
I’ROF. ( F JENKIN, CB E, University of Oxford 

DR C H J-ANLJER, C.B , D Sc, Depaitment of Scimtilic and ’Industrial 
Research 

MR AR'I'llUR D. LIT'rLE, Society of Chemical Industry 
I'ROI- W H McMIl. LAN. East M idlaiids Univei sity 

MR M M AN NAB h'd\( j. National I'edei alion <if Iron and Steel .Manufac- 
turers • 

SIR J-HWARI) M \N VILLI*'.. The Soiiet\ ol Motoi Manulactiirers and 
Ti.iders Ltd 

.‘^IR DW’JIJ \l ILN h.- W \TS0N, H L . 'The Naiion.il Ben/oli .Association 
'nil*. IBJN IIl'.NRY MONlJ, Inuanal ( lu'inuiil Indiisi ru s Ltd 
MR \ I'Atih'., 'I'lie Inshtnlioii nf IChtliu.il haigimeis 

'1 111. IIO.N SIR ('ll ARLI-.S A FXRSftNS, ( ) \1 . K L li , DSc. F.RS, 
'The Inslilnlioii of Naval Architects 

.SIR l\ll H.AKI) I'l'.A.Sl'^, B( , 'The .Nation. il Xssociahoii ol Coke and By 
I'loducl I’lanl Owiurs 

S I R [ ( )S I*. I ’ H h. 1 'J*.'rA MI* L, R B J*. , H Si . IRS, I he National I'hysical 
I.ahoraloi}' 

SIR KRNI'.Sr I'h.rTIMs. Biiiish I n'inucis’ Xssocialioii 

XI R h' XX I’L'RSK, Incoipoi.Uid Miinki|Ml hdiclriial Xssiu'ialiuii 
M i\ II R RX'rilBONE, Uiniersiiy of LiveifiooL 
I’RCth X A RL.AD, Uniceisilv of XX'ale.s 

.Sll\ Ivlt II XRit A S Rh.D.MAXNh., Kt B, M Sc, Tlie Jnslitulion ol 
C i\ il iMiuineei s 

DR XX ROSh.NH XIN, I* RS, '^J'lie Inslilnli of Mdals 

Jm\ 1 1 -X K 1\-.ADM R XX SKi'.LlON, t B , ( B K, I) S () , 'Plie Ailiniralty 

SIR JOHN SNiM.L, C. B Iv. Electricity t oininissioii 

XIR JOHN TI.RR.VC lA 'I'he Institution of ( las h.ngiiiecrs 

SIR JOHN F THORNYt ROhT. K liF, The Jnstilnle of Transport 

SIR RU H XRl) 'J'l J R ELFALl^, (iB]*., !•' R S . l’iii\ersil\ of Camhndge 
and hiiel Ri^seaich Bc)ard • 

1*R()1*. .XIORRI.S X'X^ I RAV'h.RS, DSc. 1* R S,, Lhiixersiti' of Bristol 
!^1R IlFRBl'.RT XXALKJHC K.C' B , The Railway t om])anies’ A.ssociatJon 

FRCM' R \' \X'Hl*.l''h.ER, DSc, The Tnsiitulion of Mining Engineers 
and Unnersily of Sheffield 

MR. hV.AN XXILLI.A.MS, Dl., The Mining A.ssocialion of (ireat Britain 
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FUEL CONFERENCE COMMITTEE 


• Chairman 

• MR D. N DUl^LOl*, O.B E 

Chairman. British National t'ommiUec, World I’owci ( onfcTcnia* 


DR. 1£ Y^RMSTKONCi, !•' R S , The Socu-l\ of Chemical Indiistrj 

MR C E BOTLKY, The Instiliilion of Cius Rnj;meers 

MR R A CHATTOC K, The J* 4 slilulioii of MIcctrical Cni'inccrs 

SIR DIT_tALD Cl.ERK, Iv B K, !■' R S , The Insliliihon of ( i\ il lai^ineer-. 

MR j (’OKW'AY DAV'IES, Repia senlmi^ the rrcsideni 

DR. A E DL^NSTAN, An^lo-T‘ei.siaii Oil ( o T.lcl 

LT-GEN SIR WILLIAM FDRSE, Kt B. DSO. Imperial TnsliUile 
M VIOR D ( rO \D, O B E . An Ministry 

SIR ROBERT' 11 NDhTl^I^D, Bt , h R S, h’ederation of Bnlish Industrie'' 
MR J KEW'LEY, Asiatic I’eindeiim ( o Ltd 

DR t H L\NDER, CBh', Departnn'iil of Sciinlilu and Indiislnal 
Research 

MR W \ LIM'',, ( fl h' , TTie Mining \ssoeialion of fireat Britain 
DR H LJ'A’INSTKIN, The Society of ( hemiral Industry 
\LDI^RMAN j TT LLOYD, The Nalioiiai*( las ( oiincil of (iia-at Biitaiii 
and Treland 

MR A K Alct'O.^^FT, The AlmiiiLt Associ.itujii of (heal Bnt.nn 
MR fJ D. MADJJPIN, The Tnstiliition of (ras Enjjmeers 

SIR DAVfD AflLN' If- WATSON. The National Gas ( ouiicil of Great 
Britain and Ireland 

(.OL R R MORC'OAI, CBE, The British P.lectncal and Allied Manu- 
factiirer.s’ A.ssocialioii 

MR W. D PATCH IM.L, The Institution of Mechanical hnj^ineers 
AIR (' RODGERS, OBE, British National ( oinmittce World TViwcr 
Conference. 

ENG-VU'E-ADAl R W' SKELTON, CH, t BE. DSO, Admiralty 
AIR R P. SLO/?N, C B 1'. , Incorporated AssoLiatujti of I'Jeclric Power 
Companies ^ 

DR E \\', SMITH, Joint Technical Secretary, hiiel t onrcrcnce, 19.?ii 
MR, ROfiER T SAIITH, Consulting Engineer 
SIR JOHN SNIMJ., GBK, Electricity Commission 
MR J W YOUNG, Anglo-American Oil Co. Ltd. 
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TECHNICAL COMMITTEE 


Chairman 

DR. C H. LANDER, CB.E.. 
Department of Scientific and Industrial Research. 


MR W H. COLEMAN, The National Benzoic Co Ltd. 

DR A E DUNSTAN, Anglo. Persian Oil Co Ltd. 

MR. E. C. EVANS, National Federation of Iron and Steel Manufacturers. 
MR T. HARDIE, The National Gas Cotfncil of Great Britain and Ireland. 
MR. G. A. HEBDEN, Coke Oven Managers’ Association. 

MR H. A. HirMPHREY, Imperial Chemical Industries Ltd. 

MR. J. KEWLEY, Asiatic Petroleum Co Ltd. 

MR I LUBBOCK, Shell-Mcx Ltd 

MR. A. K. McCOSH, The Mining Association of Great Britain 
MR. C. RODGERS, O.BE, British National Committee, World Power 
Conference. 

MR R. P SLOAN, CMiE, Incorporated Association of Electric Power 
Companies. 

MR. ROGER T SMITH, C onsulting Engineer. 

MR J W YOUNG, Anglo-American Oil Co Ltd 

Joint Technical Secretaries 
DR. E W. SMITH 
MR. E J FOTTRELL 

FINANCE COMMITTEE 

Chairman 

MR D. N. DUNLOP, O.B.E., 

Chairman: British National Committee, World Power Conference; 
C'hairman Fuel Conference C'ommittee. 


MR J. CONWAY DAVIES, Representing the Chemical Industry. 

SIR THOMAS HOLLAND, K C\S 1., K C.I.E., D.Sc, F.R.S.. Representing 
the Oil Industry 

MR W A. LEEf C'*B E , Representing the Coal Industry. 

SIR DAVID MILNE- WATSON, Representing the Gas Industry. 

Joint General Secretaries 
I^T.-COL. S S OGILVIE, D S.O. 

MR. M. W. BURT. 


Ixx 



LIST OF DELEGATES AND MEMBERS 

(Arranged by Countries Alphabetically.) 


Argentine 

Wilson, John. OB.E. (Chief Electrical Engineer, Buenos Aires Western 
Railway), Bolivia 180, Flores, Buenos Aires, Argentine. 


Australian Commonwealth 

• 

Cooke, Pr.‘W. T. (Lecturer in Chemistry), The University, Adelaide, South 
Austmlia. i 

Duggan, John R. (Engineer), 36, South Street, Greenwich, London, S E.IO, 
England . 

•Faraker, F. C., Commonweatth of Australia, Australia House, Strand, 
London, W.C 2, England. 

Lewis, H. Laffer, State Electricity Commission, 22/32, William Street, 
Melbourne. Australia. 

McCaw, William j. (Chemist), Maize Products Proprietary Ltd., Parker 
and Manbyrnong Streets, FooLscray, Victoria, Australia. 

Rogers, Leslie John (Engineer), 144, Humber Road, Blackhcath, London, 
S.E.3, England 

Wilton, Major E. A (Australian Staff Corps), c/o High Commissioner for 
Australia, Australia House, Strand, London. W.C 2, England 


Austria 

•CzEijA, Dr rer. POL. UND Ing Rudolf (Mini.stenalrat im Bundesministe- 
rium fur Handel und Verkchr) [Councijlor, Federal Ministry of Commerce 
and Communications], Stubennng I, Vienna 1, Austria 

•Fuhrmann, Ing Rudolf (Mimstenalrat im Bundcsminislenum fiir Land- 
und Forstwirtscliaft) 1 Councillor, Federal Ministry of Agriculture and 
Forestry], WipplingerstrjJCSse 7, Vienna I. Austria. 

♦Herbatscheck, Ing. Otto (Stadtische Elektrizitatswerke) [Municipal 
Electricity W'orks], Mariaiinengasse 4, Vienna IX, Austria. 

•Hruschka, Dr. Artur (Mimstenalrat, Abteilungsvorstand in der (icneral- 
dircktion der Ostcrreichischen Bundesbahnen) [Departmental Chief in 
the Head Office of the Austrian Federt^l Railways], Stubennng 1, Vienna 
I, Austria. 

*Kaan, Ing Ernst R. (Mimstenalrat im Bundesministenum fur Handel und 
Verkchr), [Councillor, Federal Ministry of Comme rcc and Communications] 
Stubennng I, Wien I, Austria. 

Kaan, Robert (Student an der Technischen Hochschule in W'len) [Student, 
Technical University, Vienna], Riglergasse 11, Vienna XVIII, Au.stria 

•I.offler, Dr. Hans (Zivilingenieur) [Civil Engineer], .^nastasius Grungasse 
48, Vienna XVIII, Austria 

•Richter, Dr. -Ing. Ludwig (Professor an der Technischen Hochschule W^!) 
[Professor, Technical University, Vienna], Seisgasse 9, III/l 2, >A^ienna 
IV, Austria. 

ScHoNGUT, Josef (Zivilingenieur) [Civil Engineer], Gumpendorferstrasse 30, 
Vienna VI, Austria. 

•Taussig, Kammerrat Direktor Ing. Oskar (Direktor fur den Werkstatten- 
dienst; Mitglied des Vorstandes der Ostcrreichischen Bundesbahnen; 
Vice-Chairman, Austrian National Committee, World Power Conference) 
[Director of Railway Workshops; Member of the Board, Austrian Federal 
Rail’vUrays], Schwarzenbergplatz 6, Vienna III, Austria 

•Tomaides, Ing. Dr. Jaro (Hauptverband der Industrie Osterreichs) [Feder- 
ation of Austrian Industries], Schwarzenbergplatz 4, Vnmna III, Austria, 


OfBcial Delegate. 
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Belgium 

♦j^NCiAUX, Hector (Ingenieur civil des mines; Ingenieur principal iTAdmini- 
stration des Mines, Secretary, Belgian National Committee, World 
Power Conference) 1 Mining Engineer, Chief Engineer, Department ol 
* Mines], 28, rue de 1' Association. JSrussels, Belgium. i 

BocKiiOLTz, h'R^D±Ric (Ingenieiir, Ihrecteiir du Bureau d’Etudes Indu.stri- 
elles P Coiirtoy) Engineer, Director, E Courtoy’s^Otfice for Industrial 
Investigations], 43, rue des Colonics, Brussels, Belgium 
■"Capiau, Herman (Mining J^-ngirieer, Directeur General dc la Federation des 
Associations Charbonnieres di* Relgique) i General Manager, Federation 
of Associations of Belgian Collieries], 2, Place Royale, Brus.sels, Belgium. 
Labeye (Ingenieur, ('hef du Servue therinupip de la Societc J Cockerill) 

1 Engineer; Chief, I'uel Section, J Cockerill Ltd !, 66, GuAi des Carmes, 
Jemeppe-siir-Meuse, Liege, » Belgium t 

♦LEBAcgz, Jean (Ingenieur civil des mines, Directeur GentTal dc TAdmini- 
sLr.iliou des Mines, President, Belgian National Committee, World 
Power Conference) l Mining Engineer, *’l>ireclor-( .eneral, Department of 
Mitu‘s], 2H, rue de 1’ Association, Brussels, Belgium 
Lepaoe, laniis (Ingenieur, Directeur cie la Societe Beige de I'.Azote) |Kn- 
gjiK'er, Director, Belgian Nitrogen Co ], 24. ()iiai J.ouva, Oiigree, Belgium. 
Licpeuso.nne, FIknri (Dirriteiir du Service de Reelien lies ft l Administra- 
tion e'entrale de ri’mon Clnmicjiie Beige) Director, Research Dcjiart- 
ment, Belgian Chemical t’liion j, 61, Avenue Louise, Brussels, Belgium. 
M.aijIs, .Xugustk a (j (Ingenieiii, Adininistrateur- 1 )eleguL^ Conipagnio des 
Siiu haulleurs. Pans) 'Engineer, Managing Director, Superheater Co, 
Pans], 3, rue l.a Boetie, Pans, 1- ranee 
OsTicRUiiu 1 11 , J E (Ingenieur au\ \cieries d'Ougiee-MaTihaye) i ICngineer 
in the Steelworks ol Oiigree-Manliayel. ('hateau dii Perron. Sclessin, 
Liege, Bi‘lgiiun 

Robiliari (Mining laigmeer, Cnion Miniere du Haut Katanga) ;Miiiing 
Union ol the I'jiper K.itanga|, 3 fi. rue de la Chancellene, JirLussels, 
Belgium ^ 

♦SiMONis, 'Vlexandkk (Ingenieur clud de servue a la Societe de la \ leille- 
Montagne, JVesidimt de la section di* Bruxelles de 1’ Association des 
Ingeiiieurs sortis de I'Umveisite de Liege) ' 1 )epartmeni,iil ('hiel Kiigineer, 
“V'leille Alontagne" Ltd , C'hairman, Brussels Section, Association of 
lornuT engineering students ol the Univeisitv ol LiegeJ, 8, rue Andri5 
Fain liiili', Brussels, Belgium 


' Brazil 

Gkuson ok I'\ui\ (Cicologist and l■.uglll«‘eJ ), Sei vi^o C.eologico e 
MineiMlogieo do Br.isil, Rio de j.vneiro, lhazil 
*13Asr()s. Amniuai \l\ i.s (trcologist), SerxiijO Ireologieo e Mineralogico do 
Brasil, Kio dc* Janeiin, Br.i/il 

•Gi iV'iciRA, Di< Icivi nio I’vni.c) ok (Director de Serviyo (>eologieo e Minera- 
iogieo do BrasiK, Chairman, Bra/ihan National Cominittfbe, ^Vorlcl Power 
Conlerenee) Director, ( .t'ological Depaitmenl, Brazilian IMinistry of 
A gne ultiin*], I’raia ViTuiellui, Rio de Jaiu*iro, Brazil 


British Guiana 

♦CoBBE, H. N t; (Consulting Mining Fnginecr), 31), Victoria Street, London, 
S WM, England • 

, Bulgaria 

•Stoyanofe, Cansiani'in H (Ccmsulting Plngincer), II, Moscovska Street, 
Sofia, Bulgaria ^ 

OtVicial Delegate. 
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Dominion of Canada 

* Haanel, Benj. F. C. (Chief Engineer, Division Inicls and Fuel Testing), 
Mines Branch, Department of Mines, Ottawa, Ontario, Canada 
*Stansfield, Professor Kdoar (Chemical Engineer, Research Engineer*in 
Fuels), Scientific and Industrial Research Council of Alberta, University 
of Alberta, Edmonton, Alberta, Canada. 

Twinberrovv, J. O (Engineer), c/c/ Babcock and Wilcox Ltd., Babcock 
House, Farnngdon Street, London, K.C 4, England. 


Ceylon 

*Shakrock, C F K. (Distributing Engineer, (‘olombo Electric Tramways and 
Lighting Co ), P O Box 1.5, Colombo, ('ey Ion 

f 

Chile 

♦jAJtAMiLLO, Rodolpho (Acting T )ire( tor. ( liilean Slate Railways), Est.u ion 
Mapocho, Santiago. Cliile 


China 

♦Sun, Kin- Yu (Socretaiy to the ( liinese Legation), 40, Portland Place, 
Loudon, \V 1, England. 


Colombia 

♦Lopez. 1)k \i k.i andro (C'onsulting l‘'ngiiieer, J inaiicial Agent, Republic of 
('olombo), NWilter Htuise, 52, lU-dlord Street, Sti.md, London, \\ C 2, 
I'-nglaiid 

Czechoslovakia 

♦Haxlkek, l)k I '\Rosi Av (Kngine(‘r, Inspector ol Mines), Svabin^keho 10, 
Moravska Ostrava, C/eehoskn akia 

*Pki{NA, Dk J^'KANiigicK (ICngTiieer, Manager of Electric Powder Station), Na 
Spitalce 13, Brno, ('/eclioslox akia 

♦Vanecek. JCmii. (ICnginecr, ('imncillor. Ministry ol Public Works), Belgicka 
35. I’rague \11, Czechoslovakia 

♦Vondracek, Dii RuuolI' (Professor. Tethnical University, Brno), T'eska 
tecknika, Brno, Czechoslovakia 

♦WiEBNEK, h'RANri§EK (Engineer, Manufiictiirer ol Machines) Chrudim, 
Czechoslovakia 


Denmark 

♦Anuelo, A R. (('.eneial Manager, North Zealand Electric Su]^ply and 
Tramway (to Ltd ; President, Danish National Committee, World Power 
Conference), Egebjerg Alle 5, Ilellerup, Copenhagen, Denmark 

♦Blache, H II (Managing 'Jechnieal Director, Buniieistcr and Wain.^.l- 
gineers and Shipbuilders, Vice-President, Danish National (''on 7 #niUec, 
World Pow'er Conference), Margrethevej 24, Hcllerup, Copenhagen, 
Deninaik 

♦Borkesen, J. E. (Director, The Copenhagen Municipal (Jas and Electricity 
Works), Vogninagergade 8, Copenhagen, Denmark. 

♦Hartz, G. E (Civil Engineer, Director, Federation of Danrsh Industries; 
Hon. Secretary, Danish National Committee, World Power Conference), 
Vestre Boulevard 18, Copenhagen V, Denmark. 

•Hentzen, C (Chief Engineer, Copenhagen Municipal Electricity Works), 
Gothersgade 30, Copenhagen, Denmark 

* Official Delegate. 
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*Krebs, ¥. H. (Consulting Electrical and Mechanical Engineer), Alhambravej 
17, Copenhagen, Denmark. 

♦MiViCH, O. V. (Engineer, Manager, British and Oriental Department, F. L. 
Schmidth & Co. Ltd.; Vice-President, Danish National Committee, World 
Power Conference), Vestergade 33, Copenhagen, Denmark. 

•Petersen, Hans, c/o G. E Hartz, Vestre Boulevard 18, Copenhagen, 
Denmark. • 

•Raaschou, P. E. (Professor in Technical Chemistry), Royal Technical College, 
Osterbrogade 13, Copenhagen, Denmark, 

•Thrige, Thomas B. (Manufacturer), Odense, Denmark. 


Dutch East Indies 

•Jacome'iti, Ir a W a (Consulting Engineer), Sourabaya, Java,^«D.E.I. 
•Roelofsen, Ir. 1*. A (ex-DirecIfir of Government Industries in the D.E.I.), 
Nieuwe Spiegelstraat 17, Amsterdam, Holland. 

•Tromp, Ir H, van IIiiiTiNtiA (ex-Chicf ^Engineer, (Government Mining 
Service in the D E 1.), Laan van Meerdervoort 596, The Hague, Holland. 
•Versluij.s, Jhr J. C. van Reigersiieko (Member, Board of Directors, 
Ncderlandsch Indischc Aardoiie Maatschappij), W' assenaarsche weg 40, 
The Hague, Holland 


Estonia 

•MOllerson, R A. (Estonian Consul-General). 167, Queen's Gate. London, 
S.W 7, England. 


Finland 

Brummek, R. E, (Electrical Engineer), Electric Power Station, Helsingfors, 
Finland 

•Kyrklund, Professor Haraci^ (Professor, Technical University), Bcrg- 
inansgatan 15b, Helsmglors, hiiilaiid 
WuoLLE, Professor B , Technical University, Helsingfors, Finland. 


France 

•Auclaii’, Joseph (Ingenieur, Rapporteur dii ('omite National du P6trolc) 
[Engineer, UepoTter, National Petroleum Committee], 9, rue dc Velizy* 
Bellevue, Seine-el-Oise, Frainje. 

♦AuniuERT, Eiienne (Ingenieur cn chef des Mines; Directeur de la Soci6t6 
Nationalc de Reclierclics de Mines) [('hicl Engineer of Mines; Director, 
National Mining Research Society], 10, rue Saint Hilaire, Senlis, Oise, 
Prance. 

•Baril, Auguste (Directeur iTcneral adjoint de la SocR'te d'Eclairage, Chauf- 
fage et h'orce Motrice ^ Pans; President de I'Association Technique de 
rindustne du Gaz cn h'rance) [Joint General Manager, Lighting, Heating 
and Electric I’owcr Co., Pans; Chairman, Technical Association of the 

Vs French Gas Industry], 180. avenue du Pont d'Epinay, Genncvilliers, 
Stv»e, France 

Bing. Jean ((Ghief Engineer, French Tar Producers' and Distillers' Associa- 
tion and French Benzole Producers’ Association), 4, rue Cordorcet, Pans 
IXe, France, 

•Brunschweig. R. (Ingdnicur en chef des Mines, Directeur de la Societd 
"Carbiirants et Produits dc Synlhese") [Chiel Engineer of Mines, Director, 
Fuels and Synthetid Products Co.], 26, rue de la Baumc, Pans Vllle, 
France. 

Delacour, a. (Ingdnieur en chef. Association des Propn^taires d'Appareils 
^ Vapeur du Nord de la France) [Chief Engineer, Steam Plant Proprietors’ 
Association «f Northern FYance], 8, rue de Valmy, Lille, France. 

* Officiai Delegate. 
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•Guillaume, Marin (Inspecteur G6n6ral des Mines, Ministt're des Travaux 
Publics; Vice-President, French National Committee, World PQwer 
Conference) [Inspector-General of Mines, Ministry of Public Works], 244, 
boulevard Saint-Germain, Pans, France 
Huet, R. P. V. (Admmistratcur-D^l^gue dc la Societ<5: Anonymc de Forges 
et Afi^nes de Huta Bankowa)* [Managing Director, Steel Work and 
Forging Co. of Huta Bankowa], 91, rue Saint Lazare, Pans, France, 
JUDLiN, Georges* (Directeur de I'Usine) [Director, Metz Municipal Electri- 
city Works], IJsines d’Electncit6 de Metz, Porte de Thionville, Metz, 
Moselle, France. 

•Languogne, E. (Ing^nieur en chef des Mines, Adininislrateur-d^l^gue dc la 
Societd des Cokcries de la Seme) [Chief Engineer of Mines, Managing 
Director* Seme Coking Co.], 23bis, rue dc Balzac, Paris, France. 

•Lion, Pjerre (Ingenieur au Corps des Mines) Mining Engineer], 11, rue du 
Plat, "Lille, France • 

•Loiret, Joseph (Ing^nicur en chef an Corps national des Mines) [Chief 
Engineer of Mmc.s], 7, rue des Galons, Meudon, Seine-et-Oise, France. 
Monfort, Gaston (Keprcsentative of Messrs. Sclineider & Cic, Pans et Le 
Creiisot), 32, Victoria Street, Txmdon, S.W 1, England 
•Parent, Pierre (Secretaire General du Comite Central des Houilk'res de 
France; Secretary, French National Committee, World IVnver Confer- 
ence) [Secretary- General, Central Committee ol French Collieries], 35, 
rue Saint-Dorninique, Pans, France. 

Weiss, Paul (Ingemeur-Con.scil, Compagme des Mines de N'lcoigne, Noeux 
et Drocourt) [Consulting Engineer, Vieoigne Noeux and Drocoiirl Col- 
lieries Co.], 9, avenue Percier, Paris, I'rance 
Winkler, Henri (Directeur du service chimique, Compagme des Mines dc 
Vicoigiie, Noeux et Drocourt) [Director, Chemical Department, Vicoigne 
Noeux and Drocourt Collieries Co ], 9, avenue I’ercier, Pans, France, 


Germany 

Adam, Oderingenieur H , FasanenstraSse 87, Berlm-Charlottenburg 2, 
Germany. 

Aufiiauseu, P^of. Dr., Therm ochcmische Versiich.sanstalt [Thermo- 
chemical Research Labori^toncsJ, Dovenfleth 20, Hamburg 8, Germany. 

Baumer, Diplom-Bergingenieur (Oberingenieur der Siemens-Schuckert- 
werke) [Engineer, Siemens Schuckert Works], luisanderstrasse 14 II, 
Charlottenburg, Germany. 

Bessek, (iEHEiMER Baurat F' (Ministerialrat im Beiclisverkehrsnimi- 
stenura) [Councillor, Ministry of CommunicationsJ, Wilhelmstrasse 80, 
Berlin W. 8, Germany. * 

Bolstorff, BOrgermeister a.D. (Direktor der Finna Pintsch und Dr. Otto, 
G.m.b.H ) [Director, Mcs.srs. Pintsch and Dr. Otto, Ltd ], Andreasstrasse 
71/73, Berlin, Germany 

•Brandi, Bergwerksuirektor Bergassessok Dr -Ing P- h. Ernst (Vor- 
standsmitglied der Veremigten Stahlwerke A ti. Dusseldorf, Abtcilung 
Bergbau, (iijuppc Dortmund) [Member, Board ol Directors, United Steel 
Works Ltd , Diisscldorf, Mines Department, Dortmund District], Rhcini- 
schestrasse 173. Dortmund, Germany, 

Burghagkn, Diplom-Bergingenieur 1>r.-Ing , A.G. Sachsische ,Werke 
[Saxon Works Ltd.], Bismarckplatz 2, Dresden-A 24, Germany. 

Cantieny, Direktor Georg, Kohleiischcidungs-Ciesellschaft m.b H. [Coal 
Separation Co. Ltd.], Fneclnchstrassc 100, Berlin N.W.7, Germany. 

Dehne, Dr Gerhard, Geschiftsfuhrung der Zweiten Weltkraftkonferenz 
(Secretariat, Seconci Plenary World Power Conference], Ingenieurliaus, 
Berlin N.W. 7, Germany. • 

Fassnacht, Direktor G.. Siemens-Schuckertwerke A.G., Mulheimer Werk 
[Siemens Schuckert Works, Mulheim], Miilheim an der Ruhr, Germany. 

Fuchs, Ingenieur Paul (Warmcmgenieur fur das oberschlesische Kohlen- 
becken) [Thermal Engineer for the Upper Silesian Coal Districts], Heide 
Strasse 21, Berlm-Zehlendorf, Germany • 
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(lERCKE. Obkuingenieuk M , Maschuicnfabrik Aiigsburg-Nurnbcrg A.G., 
Augsburg, (iermany 

•Cil E^ICHMANN, MlNISTtWlAEDIKEK'lOK PROFESSOR J)R -1N<. K.ll Dr. PHIL. 
(Abteilungslcitfi- im RciclisverkehrsministCTium) Departmental Chief, 
Ministry of rcnninunuationsl, W’llhelinstrassc 80, Berlin W 8, (iermany. 
(ioos, DikilKtor Emil. Abteilung Maschine. Hamburg- Amenka Einie 
Merhanital Department. Hcimburg America Linel, Alsterda#nm 25, 
Hamburg, (iermany 

Griikhek. C urt von (ingemeiir) Engineer]. Augiistaplatz iE*rlin-Lichter- 
felde, (iiTinany 

■"IlAKPRia'M i . KhiCHsHAiiNDiKi* K lOR I'biNsi (Mitglied (Icf Jla uptA'CTwaltung 
der Di iits(hen Reic lisbahiigesellst ha It ) Member, Central Administration, 
(icnm.m lu'deial Railway C'o ■. Voss-SlrasM‘ 35, Ik'rlin \V 8. (iermany 
IIetimann, Dii'i lN(i h.kifn, Kr)hlenhandelsgesells(:1ialt Wei^ttalia Coal 
d r,iding ( <) "W estl.di.i' i !• re^ t agsti asse 10, H.ino\er, (.iermany 
IliciNZE, DiRi'K'ioK’ Dr Rhiiar^. (it sells! halt /nr lordemng de* Braun- 
kohlengasi i/eiigimg h. \ SuLictv lor the I’romotion ol the C'arboni.sation 
f)l IbovMi ( oal , Matlgcbnrgeisliasst 5(). Halle .m dt'r Saale, (lennany 
IIevs, W \ w. (Ministi nalial im Reu hs\ erkehrsininisteiium) !, Count illor, 
Mimsliv ol ( omiimnn ahons ]. \\ dht'lmstrasst 80, Berlin \\ , 8, C.ennany, 
Ht)iii.N\o, Dr W \iiiuvo\, \uei b.u lisli .isst* 4, Berbn-( irnnewald. ( iermany. 
)At'(jiiJ<s Mims I r RJARDiKi' K loR Wmimer. Preiissische Elektrizitats- 
\ ktieiigesellsi ha 1 1 Piiissian hlecliKitv C'o Etc!]. Mat Ihaikirchstrasse 
A 1 a 1 >1 1 lin \\ 10. ( .< 1 in.iiu 

Ji'sr, Mims 1 1 ' RiALDiRi- K loR (iMi R\i Dr K(i J*' h Enrsi. hin.m/anini- 
steimni Miiiishy ol 1 inantt i, Ditsdeii-N . (.eini.iny 
jiisi, Du iNt. Mans, BiaiinKohlenloist himgsnistilnt iJrowTi C Oid Rt'search 
Instil iilt'l, I'leibi'ig i S.i . (leimaiiy 

K AR 1 11 Ai'si'.K, Dii'i Im. PiRTNo. Beiliiier Stadlischt hdektrizitatswerkc 
A(. . ( .losskrait wcT U Klingtnbtrg Beihn ( il\ hlettruitv Works Co. 
Eld . khngenberg I’owti St.ition', I5eilin Rnnimelsburg, (iermany 
K\ojJ'M\nn. Diri'.kior Dr Ror.iri, Beihner Sladtisthe Klektn/itats- 
weiUt' A (. . lierhii ( it\ hh'ttiuilv W oi ks ( t) Ltd |, vSchiflbauerdamm 
2'2, Berlin N W' (i. (ieiin.m\ ^ 

l\A^s^'.R, I’roi 'InroixiR (I'lolessoi an dm 'Bihnischen llochstlnile Berlin, 
Xeilrtter der Brennki alllet hnist ht n ( .esellst halt E \ , Beilin) I’rofesstir, 
'reihnual Emversily. HeTlin. Rt'piesenlmg " Bretukralttia hnisehe 
( .esellsi h.ilt ' ( I et hnit al Sotiet\’ ol I nt 1 an€l fltat Power). Derlinj, Hiini- 
boldstiasse Bi. I ’.cm liii-Steghl/.. C.ti ni.iiiy 
KoiM'MANN, Dr-1n(. (( it'sellst halt Inr I triu'kt i ansloi niatoren (Roenemann- 
I ransioi in.doi ell in b H ) Kotntmann rransloriner C ti Ettl \, Pauls- 
boi nei sl rasse 1, Berl m- 1 Lilt nsee. (iernian\ 

*l\t)'i it.i-,N. ( .KM' RAi 1)1 Ri'.K I OR 1 ^k -1n(. IEIi C (St ('llv t'l t 1 fteiider Vorsit- 
zendei des Deiitsthen \'t‘rbandes I'et hnist h-W issenst haftbt her Vereinc; 
Chaninan lierinan National C'oinmiltt'e, W orlil Pow er Con lerenec) Vice- 
Ch.iiiinan. Emon ol C.ennan Si lentilu and 'reclmieal St)t itdies], A'^erwal- 
tiingsgebaiidf, Bei lin-Siemensst adt . (ifrinany 
♦Krm.ik, M iNis'i KRi ai,ka I . Reit lisw iitst hat t Sill I ni.stenum Ministry til Econ- 
nnnes'. N’lktoi laslrasse 34. Beilm W 10, Ciermany 
LavsI'R. Dii’L-lNt,, Erich (Beratender Jngenienr) i ('onsulting Engineer], 
^ Ba mbei gerstr.issf 58. Berlin W' 50. (iennany 

T^'^, Dr \i FKi'.o (Maselnnentet hnist he Abteilung, T (i. h'arbenmdustne) 
im't'hamcal De^iartinent, Cierman Dyestutl Trust “I Ci, Earbeiiindustrie"] 
Eudwigshafeii am Rhein, (iermany 

Bissl, Bk roasskssor a D Dr -Ink. Eh Eeopold (Direktoi), Ikitsclainer- 
sti.isse 34, Berhn-Eichtei lelde-W’psl, (iermany 
Eoksc'hk, Dirkktor Ernst Curt (Jngenieiir) Engineer], Kaulbachtytrasse 
()0a, P.erlin-Lankvv^tz, (iennany 

Ludwig, ( InEKnAuniRKK i or Bernhard, Dachanerstrasse 148, Munich 54, 
( iennany 

AlARf.uKKRA, DifiKKTuR Dr I'Riiz (Vorstaiid tier (irosskraftwerk Mannheim 
Akliengesellsthall) Board oi Directors, Mannheim Electricity W^orks Co. 
Ltd '\ugcftta Anlage 32, Mannheim, Baden, (Termany. 
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*Matschoss, Prof. Dr -Ing. E.h. Conrad (Direktor des Vereines Deutscher 
Ingenieure, Secretary, German National Committee. World Power 
Conference) [Director, Society of German Engineers], Ingenieurhaus, 
Berlin N.W.7. Germany. 

Mayer^ Dipl. -Inc. Walter (Chemiker, Assistent am Technikum fur Textil- 
industrio, Reutlingen) |Chcmis>t; Technical College for the Textile In- 
dustry, Reutlingen|. Bismarckstrassc H7, Reutlingen, Wurtlemberg, 
Germany. 

Meckelburg, Ministerialrat EnitARD, Prcussisches Tlundels-Ministe- 
riurn [Councillor, T’russian Ministry of Commerce], Leipziger Platz 11 a, 
Berlin, W 9 , (iermany 

Moeller, Dr -Ing Max (Siemens & Hal&ke A(i), Kurlander Allee 17, 
Charloftenbiirg 9, tierniany 

MtiLLi?g, (Veneraldirektou Hermann i AG. Sacli.sische Werkc [Saxon 
Works Ivtd.], Bismarkplatz 2, Dresden- A.. C'.ermany 

Munzer, Oheringknieuk Karl, Schenkendorffstrasse 15, Hamburg 21, 
Germany. • 

*Nagel, Profes.sor Dr. -Ini; Adolph (Kektor der Technisclien Jlochschulc 
Dresden) ! Hector, 'I'cclinital Ihiiversity, Dresden], Altenzellerstrasse 29, 
Dresden-A 24. ('.eirnatiy 

‘‘‘Neuden, Dipl -Inc; V zur (('.eschaltsluhrer beim Keichskohlenrat, Assist- 
ant Socrelary, Cierman National Committee, World Power Conference) 
rSecretary, National Coal Council], J.iuhvigkirchpLitz A 4, Berlin W 15, 

( Terni.’i ny 

Nei'TMAnn, Dr -Inc. Paul (Pnvat l‘■ors(.heI imd Berdtender Iiigenieur) 
Private Kesearcli Work and Consulting Engineer], Konigsweg 30, Berlin- 
Charlottenburg 5, ('.ermany 

Nisstn, N 1- , (h'abnkbesiker ) Mann lad nrer], Nyeboe & Nis.sen G.m.b.H., 
DI 7 H, Mannheim. ( ■.erm.aiiy 

OsrWALD, ( )BER[N(.LNiEifR A (('heniilcer) C hemist], flails Dow^a, Tleppen- 
lieim an det B<*rgstrasse, (ierniciny 

PjtTERs, ('laudius (Zi vilingeiijenr, ( .mieral-N rrtreler der J'uller-Lehigh 
Company) 'C'lvil F.ngineer, (ieneral Agent Jor the 1 ■ idler- J.elugh Com- 
panv[. (jluckengiesserwall, Wallhol, Tlainburg, German\ 

Pn.EiDji:RER, OiiEJDNiiENiEUR Dr E (I G 1' a rbenindiislnd German Dye- 
stuff Trust “J G I'arbenFndustne” 1. laidwigshafen am IChein, ('.ermany. 

J9.0HN, Dr. I’lm (LARA (I*re.sse-Buro des Veieins r)entst-her Chemiker) 
I*ress Bureau ol the Society ol (aTman ( heniists], Joli.inn (leorgstra.sse 
21, Berlin-Ilalensee. ('.rmnany 

Przv'godk, KeCjJeruni'.sbaumeisfer al) (T'echnisLh-Wi.ssenscliaftlicher 
Journalist, Vertreter der Zeitschnlt •“ I he Warnie”, Bm lm) Technical 
Journdli.st, Representing D/<’ 11 dttm\ BethnJ, Dernlnirgstrasse .50, Berhn- 
Charlottenbui g. ('.crniaiiy 

OuACK, ODKKJNGicNiEint \\ iLiiELM (I G I'lirbeiiindnstrie, X'orsitzender der 
Vereinigung deutscher ( irosskesselhesitzer) .Ehigineer, lieriuan Dyestuff 
Trust “I (i E'arbeni rid list rie". Chairman . (.ernian Large Boder Plant 
I’roprietor^' Association], Ciriesheimstiasse 5, Billeiielde, (iermany. 

Rackwitz, Dr -Inc; Kkk h (Chemiker, Deutsche Vt^rsiu hsanstalt fur Lul^- 
fahrt E: V . Berlin- Adlers hoi) iChemist. C.einian Aeronautical D^ng 
Institute, Berlin- Adlershol], Jlsenbnrgerstrasse 40 ti. Bei lm-C ha-Tcitten- 
burg, ('.ermany 

Rehmkr, Dipl -Ing Martin (Direktor imd \ orslandsmitglied der Berliner 
Stadtischen E-lektrizatiltswcrke A ('■ ) M.iuager and Member ol Board of 
r^irectoTs, Berlin City Electricity Works ( o Ltd], Schittbaiierdamiii 22, 
Berlin N.W (i, (ierm.any. , 

Rf.in, Direktor Emanuel (Allgcmeine Ocd-IIandelsgesellschalt in b H ) 
'('•eneral Oil Trading Co Ltd.], MitteKveg 3H, Hamburg, (.ermany 

Roder. Prof. Dr -Ing. Karl (Prolessor an der Techmschen Ilochschule 
Hannover) [Professor, Technical University, HanoverJ, Alleestrasse 3, 
Hanover, (iermany. ^ • 

Rosin, Prof Dr -Ing , Bautzner Strasse 86, Dresdefl-N 6, Germanj^. 
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RDstbr, Dirbktor A. (Vorsitzender des AUgemcinei Verbands der deut- 
^chen Dampfkessel-Uberwachungsvereine) [Chairman, General Federa- 
tion of German Associations for the Supervision of Boilers], Postamt 23 
Bneffach, Munich, Germany. 

•SchOtte, Dr. H, (Direktor des Gaswerlcs) [Director, Bremen Gas Works], 
Bremen 4. Germany. f. 

SiGLocH, BCrgermeistkr Dr.-Ing. Daniel [Mayor of Stuttgart], Rathaus, 
Stuttgart, Germany , 

•SoHN, Dr. Karl (Geschaftsfuhrer der Fachgruppe Kohlenwertstoffe, Erddl 
und verwandte Erzeugiiisse des Reichsverbandes der deutschen Industrie) 
[Secretary, Section for Coal, Oil and Allied Products, Federation of 
German Industries], Neustadtische Kirchstrasse 9, Berlin N.W. 7, Ger- 
many. 

SteinmOllek. Dr -Ing. E li Carl Hugo (Fabrikbesitzer), L & C. Steinmuller 
Rdlirendampfkessel- & Ma.schinenfabrik [L & C. Steinmullcr's Tube 
Boiler and Machinery Manufacturing Co ], Haus Waldfned, Cummers- 
bach-Jthld., Germany. 

Vogt. Reichsdahnoberrat Karl (Rcich.shahndirektion) [Administration 
of the German Federal Railway Co , Dresden], Maltescrstrassc. Breslau 2, 
Germany. 

Wachsmann, Dr. Rudolf, Generaldirektor der Rybmker Steinkohlen- 
Gewerkschaft [Rybuik Colliery Co], Katowice, Upper Silesia, Poland. 

Wawrziniok, Dipl. -Ing Otto (Professor an der Technischen Hochschiile 
Drc.sden) i Professor, Technical University, Dresden], Rcichsstrasse 10, 
Dresden. Germany. 

Weber, Direktor Dipl -Ing Franz (Veremigiing der deutschen Dampf- 
kes-sel- und Appar.ite Industrie) | Association of German Steam Boiler and 
Allied Manufacturing Industries], Sternstra.sse 38, Dus.seldorf, Germany. 

WeidknmOller. Fritz (Iviiltiiringemeur) [Agricultural Engineer], Schillcr- 
strasse 4, Opladen bei Koln, Germany 

Weinhold, Dr Alexander, Wemhold & Hiller, Karl Heinestras.se, Leipzig 
W. 33, Germany. 

Werner, Dr S G (Niederrheinische Kisenhultc & Maschinenfabrik A.G. 
Dulken (Rhld,)) i Metallurgical Works and Machinery Manufacturing Co. 
on the Lower Rhine, Dulken], Lindemannstrasse 18, Dusseldorf, (iermany. 

Wiedemann, Oueringenieur Dr h'kiiz (Rheinisch-Westfiilisches Kohlen- 
Syndikat) (Rlienish and Westfalian Coal vSyndicatc], Rullinghauser- 
slrasse l.'i'i, Essen, Ciermanv 

WiELANDT, Dr Wilhelm, Torfkoks G.m b H. ["Peat Coke Co. Ltd.], 
Elisabethstrasse 4, Oldenburg i () , Germany. 

WbHULE, Generaldirektor Dr -Ing E.h. h'R., A.G Sachsische Werke 
(Saxon Works Ltd j, Bismarckplatz 2, Dresden-A 24, Germany 
Zeuner, Oherrecherungsbaurat Direktor Hanno, A.G. Skclisische 
Werke 1 Saxon Works Ltd J, Bismarckplatz 2, Dresden-A. 24, Germany. 


Gold Coast 

♦Doni), John ?Iugh (Civil Engineer, Chief Engineer, Gold Coast Railways, 
Gold ( oast (.'oUiiiv. We.st Africa), c o A & j Mam & Co" Ltd , Australia 
s ^ House, Strand, London, W C 2, England 

•Kiiv^oN, Sir Alhert K , c m.g , c b e , Director, Gold Coast Geological Sur- 
vcV Department, 75, Cornwall Gardens, South Kensington, London, 
S.W 7. England. 


Great Britain 

Abekconwav, The Rr Hon The Lord, k c. (Chairman, Metropolitan Rail- 
way Co . Ltd ). Uodnant, Tal-y-Cafn, North Wales. 

An.\M, H Dencjulvn (Engineer), Gakcroft, Chalk Hill Road, Wembley Park, 
London, N.W. 

Adam, M Atk^^n.son (Consulting Engineer and Chemist), Devonshire House, 
Mayfair Plaf'c, London, W 1 

Ofiicial Delegate 


Ixxviii 



Adams, Alfred C. (Member, Grand Council, Fuel Conference, 1928), Asiatic 
Petroleum Co. Ltd., 3, St. Helens Place, London. E.C.3. , 

Addy, Roland (Managing Director). Carlton Main Colliery Co. Ltd., near 
Barnsley, Yorks. 

Agius. Joseph Charles (Coal Exporter). 3, Belsize Grove, London, N W.3. 
Aicher, %Vlfred (Engineer and Inventor), 30, Harley House, Regent’s Park, 
London, W. 1. 

Ainsworth, John W. (Engineer), Ed. Bennis & Co. Ltd , Little Hulton, 
Bolton, Lancs 

Allan, C. T. (Assistant Manager, South Wales Electrical Power Distribution 
Co.), 27, Nev^Tiort Road, Cardifl. 

Allan, David (Chemist, Price’s Patent Candle Co. Ltd ), 10, Ernie Road, 
Wimbledon, London, S W' 20. 

Allen, ■Arthur H. (Elcctncal Engineer; Technical Editor), Eletirical 
Rev'it^u, 4, Ludgate Hill, London, E.C 4 
Allen, Dr. N. A., ph d , m.sc. (Cable Engineer), Standard Telephones and 
Cables I.td., North Woolwiiih, London, E.I6 
Allen, Richard W' , c.b e (Member, (^rand Council, Fuel Conference, 1928), 
Queen's Engineering Works, Bedford 

Allum, H B., m.b.e (Controller of Supplies), H M Ofhee of W'orks, Supplies 
Division, King Charles Street, Whitehall, London, S W’ I. 

Anderson, Sir Alan G , k b e (President, The Institute of Marine En- 
gineers), 85, 88, The Miiioncs, Tower Hill, London, K I. 

Anderson, Dr G.W. (Chemical Engineer), 50, Kidbrook I’ark Road, London, 
S E 3 

Anderson, The Ri Hon Sir John, g c b (Member, (irand Council, Fuel 
Conference, 1928), Home Onice, Whitehall. London, SW.l. 

Anderson, Lt.-Gen. Sir W' Hastings, k c b (Member, (irand Council, Fuel 
Conference, 1928), Quartcrmasler'C^encral, The War Oflue, London, S.W 1, 
Andrews, Arthur H (Engmeei, South Metropolitan (ias Co,), Cias W’orks, 
East Greenwich, I.ondon, S.E 10 

Anslow, Frank (Consulting ICngineer), 38, liath Street, Glasgow, C 2 
Appleyard, Major K C (Engineer and (>#neral Manager), The Birtley Iron 
Co. Ltd , Birtley, Co Durham 

Archer, Albert \Villiam (Managing Director), Ropergate House, Ponte- 
fract, York.s • 

Armstrong, Dr E, F , r ft.s (Member, Fuel Conference Committee), 
Greenbank, Latch ford, Warrington 

Armstrong, J Clubley (Managijr m I.ondon for A E (• Locomotive Works, 
Berlin), 73, Ladbrokc Grove, London, W 11 
Arnold, A (Editor), 7 he Power Lnf^ineer, 33, Tothill Street, London, S W 1 
Ashfield, The Rt. Hon. The Lord (Chaufman, C ndergmimd Electric Rail- 
ways Co of London), 55, Broadway. London, S.W 1 
Astbury, Ernest (A.ssistant Gas Engineer, Liverpool Gas Co.). 14, Manners 
Road, Blundellsands, Liverpool 

Atkinson, A J. B. (Civil Engineer), Parson Cross Hall, W’adsley Bridge, 
Sheffield 

Atkinson, J, S. (Managing Director, StCMn & Atkinson Ltd ), 47, Victoria 
Street, LonTdoji, S W 1 • 

Atkinson, Llewelyn B. (Member, Grand Council, Fuel Conference, 1928* 
Electrical Engineer; Director), I'he Cable Makers' As.socialion, Sar^Vrffia 
Street, Kmgsway, London, W^ C.2. 


Bacon, Thos. (Engineer), 56, Thames Street. Sunbury, Middlesex. 
Bailey, F J., National Federation of Iron and Steel Manufacturers, Caxton 
House, Tothill Street, London, S W'^ 1 ' 

Bailey, R W\ (Research Engineer), Research Department, Metropolitan- 
Vickers Electrical Co T.td., Trafford Park, Manchester. 

Bailey, T. H. (Mining and Civil Engineer), W’^yldecraft, Wokingham, Berks 
Bailey, Dr. T. Lewis (Chief Inspector of Alkali, etc , Works), 7, Lakeside 
Road, Palmers Green, Txmdon, N. 13. • 

Baker. Herbert Henry ^Engineer), The Poplars, Marine Avenue.^Monk- 
seaton, Northumberland. 
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Baker, Percy M, m b e. (Electrical Engineer), 91, Barrowgate Road, 
Chiswick, I-ondon, W.4. 

Bakes, VV E,, H M l*ucl Research Station, River Way, Blackwall I^ane, 
East Cireenwich, London, S E 10 

Balfour, The Rr Hon The Earl o^^, kg . o.m , r rs (Hon. fVesident, 
I'uel Conference, I92H), 4, Carlton Hardens, I-ondon, S W I 
Ball, Aijjerman Sir Albert (Chairman. Nottmgliam Corporation Gas 
Department) . Gas ( X'hces, 0, George Street, Nottingham 
F^\hash. M , M s« (Research Chemist), 13, (^oiilden Road, Withington, 
Manchester 

Barber, l'R\Ncrs (Cliairman, Harrtigate C.as (V>mpany), Chadcote, Ripon 
Road. Harrogate 

Barc;las", Du S I* (Engineer), Mather &. Platt l.td , Park Works, Man- 
chester « / 

Baroget r, JI , II M I'liel Rt'se.irch ‘Station, River May, Blackwall Lane, 
ICast (ireenwnh, London, SE 10 

Barreti, (iijv (Joint C.eneral M.mager, The iCbbw Vale Steel, Iron and Coal 
t'o Ltd ), The Rookery, Ebbu Vale, Mon 
Bauringicr, IIerberi (Past Pn-sident, Instilulmn of Petroleum Techno- 
logists). liorbarrie, t horlev Uood, Herts 
ItARuovvMAN, (. M (Engimer), Siemens Brothers A f'o T.td , Woolwich, 
1 .oiidon, S 1C 1 H 

Barton, ('vril H (( liennst), IVfia. SIiirli‘v Poad. (Tovdoii, Surrey 
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Kingsway, London, \\ C.2 

West, j D , Royal Aircraft Establishment. South I'amboroiigh, Hants. 
Westlake, W^ N (C.as F'ligineer), 11-13, East Southernhav, Kxeter 
Wiiatmough, WTlfred Ambrose (Technual joiiniabst, Automobile 
Eui^inccr) , 3, Norman ('ourt, .Station Road. New Barnet, Herts 
Whayman, Engineer Rear-Admiral AVm M (Engineer), 34, karrmgdon 
Street, London, E C 

Wheeler. Prof R V, d sr (Member, (irand Council, JTiel Conference, • 
1928), Department ot Applied Science, The University, .St (reorge’s 
Square, Sheffield 

W^heeler, Dr T. S (Research Clieiiiist), Wynthorpe, Woodlands Road* 
Hartford, Cheshire 

White, H. K. (Engineer), U S Steel I’roducts Co , ^^6, New Broad Street, 
London, E C 2 * 

Whyte, W^. E. (District Clerk). District Offices, Hamilton, Lanarkshire. 
WiGGiNTON, R. (Lecturer), 58, I’everil Road, Endclifte, Sheffield 
WiKNER, S. A. (Manager of By-Products Works), Beaumont Villa, Heaton 
Road, Newcastle-upon-Tync 

Wilkinson, Francis Clarence Walter (General Manager and Director), 
Crane Packing Ltd , Slough, Bucks 

Wilkinson, John (Gas Engineer), Gas Offices, G, George Street, Nottingham. 
Williams, Col Alfred E:rnest, d s.o (Director, Continuous Coal Carbon- 
isation Ltd ), 32, Lexham Gardens, London, W 2. 

Williams, Evan (Member, Grand Council, Fuel Conference, 1928), The Mining 
Association of Great Britain, General Buildings, Aldwych, London, W.C.2. 
Williams, Leonard David (Director, United National C^ollieries Ltd), 21* 
Helensea Avenue, Ldndon, N W.ll. 
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Williams, Ll. E., Office of the Engineer-in-Chief, General Post Office, Alder 
House, London, E.C.l. 

Williams, P. T., Minerals Separation Ltd . 62, London Wall, London, E.C.2. 

Williams, Townley Owen (Fuel Technologist), 1, Dartmouth Place, 
London, S.E.IO 

WiLLiETS, Alderman A M. (Chairman of Gas Committee), 30, Dunsford 
Road, Bearwood, Smethwick, Staffs. 

Wilson, David, o b e (Combustion Engineer), International Combustion 
Ltd., Africa Hou.se, Kingsway, London, WC 2. 

Wilson, CiEorge Gerard (Chemical Engineer), Whitwood Chemical Co., 
Norman ton, Yorks. 

Wilson, Reginald J ames Weir (Mechanical Engineer, Tottenham District 
Gas Light and Power Co), “Elinlea,” Willoughby Lane, Tottenham, 
London, N 17 

Wilson, Stanley R (Petroleum Engineer), c, o Dr. V. Henny, Bu.*!!" House, 
Aldwych, London, W C 2 

Winby, Lt.-Col Lewis Phillips, m p (Civil Engineer), 39, Grosvenor Place, 
London, S.W I 

WiNSER, Charles Burton (Director, Continuous C'oal Carbonisation Ltd.), 
31, Badminton Road, Claphani, Lemdon, S \\' 

Winstaniey, Edwin Victor (Condeiisei Engineer, Metropolitan- Vickers 
Elcctiical Co Ltd ). Coniston Westgale, Urmston, l>anes. 

Winter, I). A (Research Chemist, Lriiversity ol London), 70, King George’s 
Avenue, VX’atlord, lIiTts 

Wood, A P. (Managing Director), 3'he Lancashire Dynamo and Motor Co. 
I.td , Traflord Park, Manche.ster 

Woodall, Henry (Charteu^d Civil EngmecT, ('hairinan, Tottenham District 
Light Heat and Power C'o ). Votes Court, Mereworth, Maulstone, Kent 

WooDEsoN, W A (Engineei, Managing Director), Clarke, ('hapman & Co. 
Ltd , Ciateshead-on-'Tyne 

Woodward, E R (CheniKal Engineei), 94, Lc'xham Gardens, Kensington, 
London, W 8 

Wool COCK, W I L , c B E. (Companv Director), 47, Victoria vStreet, London, 
S W’ 1 ' • 

Wordley, Walter A (Power Plant ICngineer), The Bradford Dyers' Asso- 
ciation Ltd , 39, Well .Street, Bradford, York.s t 

Wornum, G Grey, Blue Ball Yard, St JameVs Street, London, S.W.l. 

WoRSLEY, A., j p (Mining Engineer), Mandeville House, Isleworth, Middlest^x. 

Wray, P K (Electrical Engineer), 55, Lots Road, Chelsea, Lonclon, S.W. 

Yarrow, Harold Edgar, cue (Chairman), Yarrow & Co Ltd., Glasgow. 

Young, J W. (Member, I'lu'l Conference Committee; Member, Technical 
Committee, h\iel ('onference, 1928), Anglo-American C)il Co Ltd., 36, 
Queen Anne’s Gate, London, S.W.l 

ZvEGiNTzov, Michael (Member of Technical Intelligence Staff), 65, Harring- 
ton Gardens, London, S W.7. 


Greece 

•Vravlos, Elias (Consulting Engineer), The Greek Legation, Berne, .Switzer- 
land. 


Holland 

Elst, O 1 VAN DER (Engineer), N.V. Ingenieursbureau v.h. J. M. C van 
Borselen & Co , 13, Korte Voorhout, The Hague, Holland. 

*I1ellemans, A. H \^^ (Managing Director, Association of Users of Steam 
Boilers and Power Plants), Zmderdiep 58 a, (ironingen, Holland 
♦Lulofs, Dr W (Director, Municipal Electricity Works), Hoogtc Kadijk 
200, Amsterdam, Holland. 
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Myer, M. D. (Combustion Engineer), Fr. Hendriklaan 52. The Hague, 
Holland. 

Senf, Albert Hendrik (Chief Engineer, Bureau for Heat and Power 
Economy, “Warmtekrachtbureau”), Oude Amerfoortscheweg 54. Hilver- 
sum, Holland. 

•SxAVERraa, Ir. J. C. van (Director, Central Office, Association of Directors 
of Electricity Supply Undertakings in the Netherlands; Joint Secretary, 
Dutch National Committee, World Power Conference), Utrechtscheweg 
34, Arnhem, Holland 

SozoNOFF, Vladimir, jun. (Naval Architect), Swechnckstraat 54, The 
Hague, Holland. 

•Spruijt, J. G. Bellaar (Chairman, Association of Directors of Electricity 
Supply Undertakings in the Netherlands; President, Dutch National 
Compiittee, World J’owcr Conference). Breedestraat 11, Maastricht, 
Holland. 

♦Waard, Ir. S. de, Bezuidenhout 97 (Vhigineer, Government Institute of 
Fuel Economy), The Hague, Holland 


Hungary 

Ban6, I.,adisla& de, jun. (Engineer), Ha\as utca 2, Budapest, Hungary 
BuzAth, Du Johann von (Vice-Mayor ol Ihidapest), hUcktrizitatswerke 
[Electricity Works], Vaci lit 74. J^udapesl V, TIungary 
Deutsch, GENEKALDiREKrou LuDwir. (Engineer), EJeklnzitalswerke 
[Electricity Works], Vaci lit 74. Budapest V. Hungary, 

Erdos, Dipl'-Tno, iVii.iiELM Jo.sei*h (Engiiu'er, Director, I'orus A.C.). 
Vilmos csasziir ut 32, Budapest V, Hungary. 

'*‘Fey6r, Gyula (Councillor. Royal Hungarian Ministry of Coiumerce), Laii- 
chid-u 1/3, Budapest 1, Hungary 

Klein, Francis (Deputy Managing Director, (tan/, & Co. Dannbius Co, I,td ), 
Orgona utca 7, Budapest 11, Hungary 

KoRNirELD, Baron Frani is de (Chiel Cierkftian/ iS: Co Dannbnis Co ITd ), 
Kobanyai lit 31, Itudapest X, Hungary 
*M6ry, Dr -Ing. chem. Bela (Engineer, l uel Research Institute, Royal 
Hungarian Technological and Material Testing Laboratory), J6z.scf-korut 
6, Budapest VII 1, Hungary 

Prager, M Paul ((General Manager, (lanz A C'o DanubiusCo I.td ), Kova- 
nyai ut 31, Budapest X, Hungary 

'•'Schimanek, Prof. Emil (Profes.sor ol Caloric MaLlunes, Technical Univer- 
sity, Budapest), Muegyetem, Budapest, Hungary 
Valatjn, Istvan (Engineer, Manager of the Salgotarjan Coal Mine Co Ltd.), 
Kiitvolgyi lit 78, Budapest I, Hungary 
"■VEREBi^LY, La.szl6 DE (Consulting Engineer, Slate Counsellor ol Public 
Works), Petofi Sandor utca 18. Budapest IV, Hungary, 

Zelovich, Kornel von (Professor, Technical University, Budapest), 
Muegyetem- Kakpart 3, Budapest 1, Hungary 


Indian Empire 

♦Coubrough, a C , c b.e. (Engineer), Blanefield House, Blanefield, Scotland. 
Carpenter, John A.. Research Department, Burinali CJil Co Ltd , P.O. 
Box 67 Rangoon, India and Britannic House, Finsbury Circus, 
London, E.C 2. 

Diamond, Leonard (Coke Oven Manager), Bhowta, Icalgora 1’ O , Dist. 
Mankhoom, India, and c/o Cinndley & Co Ltd., 54, Parliament Street, 
London, S.W.l, England 

*The High Commissioner for India, 42, Grosvenor Ciardens, London, S.W.l, 
England 

*Meares, j. W. (Consulting Engineer), Elstowe, Jenner Road, Guildford, 
England. 
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♦Pascoe, Sir E. H. (Director, Geological Survey of India), c/o Lloyds Bank 
Limited. 6, Pall Mall, London, S.W i, England. 

*Ray, R L. (Deputy Mechanical Engineer, East Indian Railway), c/o High 
Commissioner for India, 42, Grosvenor Gardens, London, S.W. 1. England. 
•Wrench, J. M D (Member, Railway Board), c/o High Commissioner for 
India, 42, Grosvenor Gardens. London, S W. 1, England. ^ 
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•Bazin, John Ralph (Mechanical Engineer), St. Johns, Islandbridge, Dublin, 
I.F.S. 

•Clark, Pkofkssok Davio (Professor of Engineering, Chairman, Irish 
National Commiltee, World Power Conference), University of Dublin, 
Trinity College. Dublin, I FS 

♦Griffith, Sir John I'urskr (Civil Engineer). Rathmmes Castle, Rathemmes, 
Dublin, 1 F S 

♦IIarriss, (i. Marshall (Tramway Manager), Montrose, Queen’s I’ark, 
Monkstow^n, C'o Dublin, I h'.S 

♦Hummel. Professor F, H (Yu e-('liairman, Insli National Committee, 
World Power ( onlerence). Queen’s University, Belfast, N.I 

♦Keiii.e, Laorf.me J (Chiel Engineer and Manager, Dublin City Electricity 
Works), Electricity Ollices, h'leet Street, Dublin, I 1' S 

♦Purcell, lh<oFESsoR Pierce F (Consulting Engineer), Ashton, Killiney, 
Co Dublin . I h' S 

SioPFOKL), 'I'liE Hon. C. W. (Eh‘ctrical Engineei), Cuurtown House, (ievey, 
I F S 

♦Tait.ow. WiLiiAM (Electntal Tuigiiieer, Hon Secretary and Treasurer, Irish 
National Comniitle(‘, World Power Conference), 43, Belgrave Square, 
Moiikstown, Blackrock, C'o l)Liblin. 1 h S 
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Cheftel, Joseph (Directoi, Siciet^ (icneiale Elettrica della Sicilia) ICicneral 
Electric Siqiply C'o ol Sicily], 5, \’ia Ciiaionu) Pnccini, Milan, Italy 
Farina, Captain I'ernando, irn (Italian Naval Attache), 11, Queen’s 
Gale Gardens, J.ondon, SW 7, Kngland 
♦I'ORiE, 1n(;. Dr CiiACOMo (Delegated by ifie Minuslry ol Communications), 
c (I Con.siglio Nazioiiale delle Riterche. Ministero della Pnbblica Istru- 
zione ; National Research Council. Ministry of Public Education], Viale 
del Re. Rome, Italy 

♦Levi. ProI' Comm Mario (Delegated l)^ the Minsitry ol National Economy), 
c o C onsigho Nazionale delle Ricerche, Ministero della I’ubbhca Istru- 
ZHine i National Re.search Council, Ministry of F’ublic Education], Viale del 
Re, Rome, Italy 

♦(fIoroani. 1’rof Francesco, Laboralonc) di Fletlrochimica della R. Scuola 
di Ingc'gneria di Napoli T.aboratory for Electro-Chemistry. Royal School 
ol Engineering, Naydes], Nayilcs, Italy 
♦Padovani, I’rof Dr Carlo (A^ ice- Direct or, loiel Section, Royal Technical 
University, Milan), 20, A^ia Andrea del Sarto, Milan, Italy 
♦Roberti, Dr Conte C.iorgio, c o Consiglio Nazionale delle Ricerche, 
Ministero della Pnbblica Istrnzione National Research Council, Ministry 
of I’ublic I^ducation], Y'jale del Re. Rome, Italy 
Thrupp, E E , Odlcine Italiane Babcock & Wilcox [Italian Babcock and 
W’llcox Co ]. 14, Via Carducci, Milan, Italy 


Japan 

Abe, M (DirecUfr ol the Mitsubishi Ship Building Co ), c/o Japanese Com- 
mercial Counsellor, I, Broad Street Place, London, E C.2, England 
♦Ban, Yoshtsada (I'uel Chemist), Tinpenal Fuel Research Institute, Kawa- 
giicliimachi, Saitamaken, Japan 
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Enosawa. Captain S. (Japanese Military Airforce Officer). 47, Claverton 
Street, London, S.W. I, England. 

♦Fukuda, Dr. Masaru (Professor, Kobe Technical College), 3,4, chome, 
Tobimatsucho, Kobe, Japan. 

Furusaki, Hidejiro (Engineer), c/o S. A. Fran 9 aisc Bussan, 44. rue de 
Lisbonne, Pans Vllle, France. 

Inouye, Prof Dr M., Osaka Technological College. Osaka, Japan 

IWASAKi, Major Y (Engineer in Aircraft Engines.), 49, Claverton Street, 
London, S.W.l, England 

Iyoku, Taiji (Engineer, Coke Oven and Washing Department, Government 
Steel Works of Japan), c/o Japanese Commercial Counsellor, i. Broad 
Street Place, London, E C 2, England. 

Ka BASHiMA, Taro (Railway Engineer), Bureau of Electrical Engineering, 
JapaniSse Ministry ot Railways, Tokyo, Japan 
♦Kamo, Dr’Masawo (Professor ol Mechanical Engineering, Tokyo Imperial 
University, Managing Director, Power Association ot Japan; Chairman, 
Japanese National Committee, World Power Conference), 3, Yayoicho, 
Hongo-ku, Tokyo, Japan, 

Kan, Hajine (Mechanical Engineer, Korean Cioverninent Railway), 27, 
Canfield Gardens, London, N W 3, England 
•Kawasakiya, Dr. T. (Managing Director, Daido Electric Steel Works), c/o 
Japanese Commercial Counsellor, 1, Broad Street Place, London, E.C.2, 
England 

Kobayashi, Professor Shunjiro, Kyushu Imperial University, Hiikiioka, 
Japan 

Kusunoki, NaOxMICIII (Automobile Engineer), Mon-maclii, Oitakeii, Japan 
♦Matsuyama, Shinjiro, Commercial Secretary to the Japanese Embassy, 1, 
Broad Street Place, London, E C 2, England 
•Mishiku, Engineer Commander, i j n (Japanese Naval O(ficcr), Broadway 
Court, Broadway, Westminster, London, S.W 1, England 

Nagai, Hachiro (Engineer), Mitsui & Co. T.rtd , 31, Lime Street, London, 
E.C.3, England 

♦Nagamochi, Colonel G (Imperial Japanese '*Army), l,o Japanese Military 
Attache, 16, Victoria Street, London, S W 1, England. 

Nakasiiima, Majom T (Imperial Japanese Army), c o Japanese Military 
Attache, 16, Victoria Street,. London, S W I, Itngland 
♦Ohga, Professor Tokuji, Hokkaido Imperial University, Sapporo, Japan 
♦Okamoto, Yosho (Assistant Protessor), Kyushu Imperial University, Hiiku- 
oka, Japan 

Onoye, Seijiro (Meclianical Engineer, Japanese Ministry ol Railways), c/o 
Tetsudo-Sho, Friedrich- Eberts trasse 6, Berlin VV 9, Ciermany 
♦Sase, Takeo (Railway Engineer), Railway Bureau, Government of Korea, 
Japan 

♦Shimada, K (Director), Mitsui & Co. Ltd ,31, Lime Street, London, E.C.3, 
England.) 

Sugiyama, a. (Manager, Coal Department), Mitsui & Co. Ltd., 31, Lime 
Street, London, E C 3, England 

Tawada, Kwan (Assistant Professor), Hokkaido Imperial University, Sap- 
poro, Japan 

♦Tohara, Y., Japanese Ministry of Railways, Sentinel House, Southampton 
Row, London, W.C.l, England 

Yoshida, Kimpey (Chemical Engineer), Researcli Institute, Japanese 
Ministry of Railways, Tokyo. Japan. 


Jugoslavia 

♦Prikril, Dipl.-Ing B. (Chief Engineer), Gradska Miinjara, Zagreb, Jugo- 
slavia. 

PoDUZETNiKA, Udru2enje Ruar.skih (Union of Colliery Owners in the 
Kingdom of the Serbes, Creates and Slovenes. Belgrade), 4, Toplicin Venae 
Belgrade, J ugoslavia. ^ 
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Latvia 

♦BiMANis, Prof. Dr.-Ing. Martin (Professor, University of Latvia; Chair- 
man, Latvian National Committee, World Power Conference), University 
of Latvia, Riga, Latvia. 

♦Nomals, Ing. Peters (Director, Peat Research Laboratory, University of 
Latvia), Strelnieku iela N.ll, Riga, Latvia. 


Lithuania 

*Vysockis, Richard (Consulting Engineer), Kestucio g-ve 59, Nr., Kaunas, 
Lithuania 


Luxembourg 

•Kieffer, Nicholas (Engineer), Acidncs R^unies de Burbach-Eich-Dude- 
lange [United Steelworks of Burbach-Eich-Dudclange], Dommeldange, 
Luxembourg 

♦Schmit-Crocius, T P Alphonse (Consulting Engineer), 32, avenue Marie- 
Thdrese, Luxembourg. 


Mexico 

•MartInez-Baca, Alfredo (Commercial Attache to the Mexican Legation), 
Bush House, Aldwych, London, W C.2, England. 


Dominion of New Zealand 

♦Crookes, S Irwin (Consulting Engineer), Auckland, New Zealand 
•Harvey, Ranald J (Consulting Engineer to the Government of New Zea- 
land), 34, Victoria Street, iLondon, S W 1, England. 

Mackay, C E , Waitara Daily News. Waitara, New Zealand. 


Norway 

•Batt, Director Hj , Department of Commerce, Shipping and Industry 
Oslo, Norway. 

•Bay, Director Carl, Norwegian Spitzbcrgen Coal Co., Oslo, Norway. 
Eyde, Dr S , Villa des Mimosas, yuarlicr Cahforme, Cannes, France. 

•Friis, K. (CoiLsulting Civil Engineer, Secretary, Norwegian National Com- 
mittee, World Power Conference), Munkedamsveien 3, Oslo, Norway. 

•Gram, Dr J , Norwegian State Committee on Raw Materials, Oslo, Norway. 

•Hiorth, Albert (Civil Engineer), Norway. 

Hiorth, Erling (Architect), Norway 

•Hoel, Adolf (Cieologist, Director, Norwegian Svalbard and Arctic Investi- 
gation), Bygdo Allc 34, Oslo, Norway 

I *Kloumann, S. (Director, Norwegian Aluiiiiniuiii Co., Chairman, Association 
of Private Electricity W orks m Norway, Chairman, Norwegian National 
Committee, W’orld Power Conlerence), Lokkoveion i), Oslo, Norway 
SCH0NING, Karl (Civil Engineer), Thomas Heftyesgate 44, Oslo, Norway. 

•Scott-Hansen, Director A , Norwegian State Harbour Department, Oslo, 
Norway 

•W'atzinger, Prof. Dr -Ing (iTofessor of Steam Engineering, Norwegian 
Technical University, Trondhjem), Norges Tekniske Hoiskole, Trond- 
hjem, Norway 


Peru 

•Rixrath, Sen or R (Acting Consul-General for Peru), 36/37, Queen Street, 
^ London, l^.C.4, England. 
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Poland 

•CISZKWSKI, M. T. (General Manager), Hohenlohe Mining Works. Katowice. 
Poland. 

Cybulski^ J. (Mining Engineer; Director, Mining Department), Ministry of 
Commerce and Industry, Warsaw, Poland. 

Deryng, Prof. Dr.-Ing. Bozdan, Union of Polish Technical Societies, 
Czackiego 3, Warsaw, Poland. 

Falter, Alfred (Engineer, General Manager, Union of Upper-Silcsian 
Mines "Robur," Katowice), ul Rybnicka I, Katowice, Poland 
*Felsz, St. (Mechanical Engineer; Assistant Manager, Mechanical Depart- 
ment. Warsaw District, Polish State Railways), Warsaw, Poland 
•Kruszewski, St. (Mechanical Engineer, Counciller, The Treasury, Warsaw), 
Warsaw, Poland 

MalinowsSki, Boleslaw (Mining Engineer; Chief, Economic Department, 
Polish State Mines in Upper Silesia), Rynek 9 15, Krolewska Huta’, 
Poland. 

•Mikulski, Cz. (Mechanical Engineer, Editor, Pfzeglad Tethmezny, Warsaw; 
Assistant Secretary. Polish National Committee. World Power Confer- 
ence), Kredytowa 9. M 22, Warsaw, Poland. 

•RaZniewski, St. (Mining Engineer, Manager, Mining Co. "Grodziec”), 
Poland. 

Rerutkiewicz, M , (Mechanical Engineer), Warsaw, Poland 
*Stefanowski, Prof Dr. Bohdan (Mechanical Engineer, Professor of 
Thermo-dynamics. Technical University, Warsaw, Cieneral Secretary, 
Polish National Committee, World Power Conference), Kredytowa 9, 
M 22, Warsaw, Poland. 

‘Tolloczko, Ludwik (Electrical Engineer, Manager, Electric Power Co. of 
Lodz, Chairman, Polish National Committee, World Power Conference), 
Ulica Topolowa 8, m. 7, Warsaw, Poland 
•WiELEZYNSKi, Maryan (Mining Engineer; Manager, “Gazoliiia” Oil Co. 
Ltd.), Gazolina Sp. Abe , Boryslaw, Poland. 

WiLLlGER, Dr. G. (Chairman, Mining Company of Katowice, Chairman, 
Silesian Mining Industry Association), Mining Company of Katowice, 
Katowice, Poland. 


Portugal 

♦Torres, Engineer Estevam (President, Portiigue.se National Committee, 
World Power Conference), Inspector of Public ^\'orks, Portugal 


Roumania 

Bujoiu, Jean (Mining Engineer, General Manager of the “Petrosani" 
Mining Co ), Roumania. 

♦Busila, Constantin D (Engineer, Professor, Technical University, Ruca- 
rest, President, National Roumanian Institute for the Study of the 
Utilisation of Power Resources, Delegated by the MirA.stry of Industry 
and Commerce, Vice-President, Roumanian National Committee, World 
Power Conference), Rue Matei Millo 2bis, Bucarest, Roumania 
Dachler, Sigmund (General Manager, Sibiu Electricity Works and Tram- 
way Co , Chairman, Union of Electricity Works in the New J Provinces of 
Roumania), Str Treistejati Nr I, Sibiu, Roumania 
•Motas, Dr Constantin T. (Mining Engineer, (ieneral Manager, National 
Natural Gas Co ), Strada Praga 6, Bucarest, Roumania 


Sawe 

ScHERESCHEWSKY, Ph. (Ingiinieur en Chef des Mines, Directeur du Controle 
des Mines de la Sarre) [Chief Engineer of Mines; Head, ^Department of 
Sarre Mines], Eisenbahnqtrasse II. Sarre bruck, Sarre. 
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Southern Rhodesia 

♦Robertson, C. L., Hydrographic Engineer, Department of Agriculture, 
Salisbury, Southern Rhodesia. 


Spain 

'•'Gonzalez Quijano, Sr. D. Pedro M. (Professor, Engineering School for 
Roads, Canals and Harbour- works. Member, Academy of Science, 
Madrid; Secretary, Spanish National Committee, World Power Confer- 
ence), Fuencaral 100, 1st Izqda, Madrid, Spain 
Maluquer, Josef (Managing Engineer, "Campsa,” Spanish Petroleum 
Monopoly), Apartado 318, Madrid, Spain 


Sweden 

•Borgquist, Waldemar (Overdirektor, Kungl. Vattenfallsstyrelsen) [Chief 
Director, Royal Board of Waterfalls], Kungl Vattenfallsstyrelsen, 
Stockholm, Sweden 

•Enstrom, Professor Axel F. (Direktor, Ingeniorsvetcnskapsakademien; 
Vice-Chairman, Swedish National Committee, World Power Conference) 
[Director, Academy of Engineering], Stockholm 5, Sweden 
Forsling, Bengt (Civil Engineer, Aktieboiaget Rnthsaccumulator) [Ruths 
Steam Storage, T^td ], Sodermannagatan 45, Stockholm, Sweden 

♦Forssblad, Nils (Ovenngenior, Stockliolni Stads Elektncitetsverk) [Chief 
Engineer, Stockholm Municipal Electricity Works], Thulsgatan 13, 
Stockholm, Sweden. 

•Hansen, F. V. (Geiieraldircktor, Kungl Vattenfallsstyrelsen, Chairman. 
Swedish National Committee. World Power Conference) [Director- 
General, Royal Board of Waterfalls], Villagatan 24, Stockholm. Sweden. 
Hellstrom, Bo (Engineer), 15, Dartmouth Street, T.ondon, S.W 1, England. 

•Lindhagen, Manne T (Managing Director, Ljungstrom Steam Turbine 
Co ), V Tradgrdgaatan 17,*^Stockholin. Sweden 

■•Lindmark, Professor Tore (President, Royal Technical University, Stock- 
holm), Leopoldsgatan I, Stockholm, Sweden ' 

•Ljungdahl, K Ct (Chief Engineer, Stale l\)wcr Plant, Vasterds, Sweden), 
Statens Kraltverk, Vastcras, Sweden 

•Ruths, Dr. Johannes (Direktor, Aktieboiaget Rnthsaccumulator) i Chair- 
man, Ruths Steam Storage, Ltd.], Djur.sholni, Sweden 

•Sahlin, E G. (Consul-General for Sweden, London, President, Society of 
Swedish Engineers in Great Britain), 329, High Hoi born, London, W.C.2, 
England 

•Vklander, Edy (Secretary, Svenska Elektncitetsverksforemngen; Editor, 
Era, Secretary, Swedish National Committee, World Power Conference) 
[Federation of Swedish Electricity Works], Elektncitetsverkert, 
Stockholm 6, Sw'cdcn. 


Switzerland 


■ Eichelberg, Dr. (Engineer), Sulzer Frercs S A., Winterthur, Switzerland. 

^Meyer, Direktor Ad,, Brown Boven & Co , Baden, Switzerland. 

Schenker, W. (Engineer). Siilzer Freres S A , Winterthur, Switzerland. 

Schubeler, F. (Engineer; Sulzer Bros ), 31, Bedford Square, London, W.C. 1, 
England 

Seippel, Claude, (Engineer, Brown Boven & Co.), Glarmschstrasse IB, 
Wettingen, Switzerland. 

•Tissot, Dr Ed (Chairman, Swiss National Committee, World Power Con- 
ference), Banque Suisse des Chcmins de ter, Bale, Switzerland. 

•Zangger, H. F. (Hrtid, Technical Division, Secretariat, Association of Swiss 
Electrical Engineers and Federation of Swiss Power Stations, Zurich; 
Secretary, Swiss National Committee, World Power Conference), Secfeld- 
strasse 301# Zurich 8, Switzerland 
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Tanganyika Teititoty 

•Pratt, F. G., Director of Public Works, Tanganyika Territory, East Afnca. 


Union of South Africa 

•Bijl, Dr. H. J. van ntu (Chairman, Electricity Supply Commission), P O. 
Box 1091, Johannesburg, South Africa 
SoKEHiLL, Ben (Mining F.ngmeer ; Director), Dundee Coal Co Ltd., Dundee, 
Natal, South Africa 


United States of America 

Allen, Oliver F (Engineer), International Genet al Electric Co , Inc., 
Schenectady, USA 

♦Bailev, Alex D. (Mechanical Engineer, Superintendent, Generating 
Stations, Commonwealth JCduson Co ol Chicago, 111), 72, West Adams 
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PROGRESS 

IN THE DEVELOPMENT OF COMBUSTION 
OF VICTORIAN BROWN COAL 

AUSTRALIAN NATIONAL COMMITTKIC, WORLD POWER CONFERENCE 
STATE ELECTRICITY COMMISSION OF VICTORIA 

Paper No A2 

CONTENTS 

THJ-: LATROBE VALLEY — FIRIN(; OF BROWN COAT. — PRr>DRYlNG 
LIGNITE — DIFFICULTIES ATTENDING PRE-DRYING — DRYING COAL IN 
COMBUSTION CHAMBER — COMBUSTION ON STEP GRATES — DRYING 

SHAFT ARRANGEMENT OF BOILER PLANT — CLASSIFICATION OF 

DRYERS 

ZUSAMMENFASSUNG 

The potential wealth of *the brown coalfields has proved an 
elusive mirage for manv small organisations promoted for their 
development. As far back as 1873 the Lai Lai Brown Coal Co. 
unsuccessfully sought a market for brown coal from the Lai Lai 
brown coal area (Fig. 1), while the exploitation of the Morwell 
area was started in 1889 by a company which commenced opera- 
tions on the banks of the Latrobe River upon a site at present 
occupied by the Morwell (Jpencut of the Electricity Commission. 
The company promoted to develop the Morwell area erected a 
small briquette plant in 1894, but after a brief period of activity, 
operations were suspended until 1916, when the old workings 
were reopened by the Mines Department of Victoria. This 
department controlled the operations for about five years, then 
they were taken over by the Electricity Commission, under whose 
supervision they have been actively worked up to the present 
time. It is, however, intended to reduce operations on the Morwell 
Cut in the near future, almost to the point of closing down; 
thereafter coal will only be taken out for special purposes, ^he 
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reason for this is that the Morwell Cut is limited in extent, and 
the winning of the coal becomes more costly as it becomes re- 
duced, whereas the coal available from the New Yallourn Opencut, 
situated about half a mile distant, is comparatively limitless, and 
here operations have now developed beyond the expensive opeiiing- 
11]) stage, so that this coal is now on an equal economic basis with 
coal from the Morwell Cut, and likely to give more economic 
results in the future. • 

The large area of brown coal known as the Altona area (Fig. 1 ) 
is near to Melbourne, but owning to the depth of overburden, 
deep mining is necessary for its development, with the result that 
up to the present verN little exjiloitation has taken place. 



Fig 1 Map !ihowiTig tlie location and extent of the Victorian brown 
coalfields 


At the present time a little coal is being mined at Lai Lai and 
Wenslevdale, but ojicrations are on a very small scale. 

Ttiv: Latrobe Valli y 

Deposits of brown coal occur in Tertiary beds, principally com- 
posed of fresh- water sands, clays, and gravels, but owing to the 
faulting anc^ tilting to which the area h^s been subjected, it is only 
pos?ible to ascertain the exact occurrence of coal in this deposit by 
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intensive boring. Some of the bores put down in the Latrobe 
Valley haye proved that brown coal seams exist of unprecedented 
thickness, for example, bore No. 1 in the parish of Maryvale, 
close to Morwell township, showed coal beds aggregating 770 ft. 
thickness in a bore 1,019 ft. deep; bore No. 2 in the parish of 
Maryvale, about four miles north-easterly from bore No. 1, 
showed 484 ft. of coal in a bore 1,338 ft. deep, while bore No. 2, 
in the parish of Traralgon, two miles south-easterly from the 
second bore mentioned above, showed 480 ft. of coal in a bore 
1,110 ft. deep. It is interesting to note that not one of the three 
bores mentioned above had passed beyond the coal measures when 
boring ceased, hence it can reasonably be assumed that more coal 
exists below the bottom of the bore holes. 

The brown coals from the Morwell Opencut and the New 
Vallourn Opencut of the State Electricity Commission are very 
different in physical characteristics, inasmuch as the Morwell 
coal has a moisture content of less than 50 per cent., while the 
Yallourn coal is usually 64 per cent.; moreover, the Morwell coal 
is of a hard nature, while the Yalloiirn coal is an extremely 
friable earthy-looking brown coal, similar in appearance to some 
of the soft middle German brown coals. Typical ultimate analyses 
on the dry coal basis of the brown coals from Victoria, South 
Australia and Germany are given in Table I. Analyses made on 


TAHLU 1 TAHULAl JON 01< ULTIMA rii ANAI.YSES OF V AKIOUS HEOWN LOALS 
All Figures are J’ercentages 


Carbon 

Hydrogen 

Oxygen 

Nitrogen 

Sulphur 

Ash . . 


Vi( tonan Brown Coals 

1 

South Ansi rail an 
Brown Coals 

Cit’iniaii Brown Coals 

Mm w'-ll 

^ Yallourn 





• 

Middle 

Nei^r- 

(old op ’li- 
eu t) 

' (new open- 
, euU 

.\ltcm.i 

Lai Lai 

Moorlands 

Clinton 

Rhineland 

Cerinany 

Lmsitz 

li^ fiLJ 

ti4 b7 

HI 45 

fi3 05 

1 55 95 

59 12 

fi5 27 

HI 2 

62-5 

4 h.: 

4 43 

4 44 

5 00 

4 25 

4 10 

4 82 

5 H 

5 2 

24 (1/ 

(1 Ml 

27 H4 

0 54 

20 
(1 HO 

27 01 

0 75 

2I-H5 

0 40 

18 09 \ 
0 fi3 J 

25 K3 

19 3 

23-2 

0 21 

(1 24 

2 J1 

0 44 

4 30 

3 35 

0 22 

2 4 

0-8 

4 22 

2 OS 

10 35 

3 75 

13 25 

14 71 

4 OH 

11 5 

8>3 

lOU’dd 

100 00 

lUO 00 

100 00 

100 00 

100 00 

100 00 

100 00 

lUU-OO 


samples of the Y'allourn and Morwell brown coals ^taken daily 
during 1927 as the coal was delivered to the Yallourn pojver 
station gave the following figures (Table II). 
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TABLE II. 



Morwell coal 

Yallourn coal 


As fired 

Dry 

As fired 

Dry 

Moisture ... per cent. 

48-5 


63-4 



Volatile matter ... 

27-3 

530 

19-0 

521 

Fixed carbon 

22 0 

42-8 

16-8 

45-8 

Ash . 

2-2 

4-2 

0*8 

2 1 

Gross calorific value — 





B Th U per lb. 

.'),736 

1 1,140 

3,979 

10.870 

Net calorific value- - 





BThU peril) 

4,908 

— 

3,1.50 


Carbon ])er tent 

33-79 

05 62 

23 74 1 

04-87 

Hydrogen 

! 2 38 

4- 02 

: 1-02 

4-43 

Oxygen ,, 1 

1 12 71 

24 67 

1 10 19 

27-84 

Nitrogen 

0 31 

0 00 

0 20 

0-54 

Sulphur 

0-14 

0 27 

0 09 

0 24 

Ash 

2 17 ; 

4-22 

(1 

2 98 

Moisture 

48-50 

— 

fi.l 40 

— 


The limiting values of calorific power, ash, hvclrogen and mois- 
ture content obtained during the routine testing in 1927, were as 
follow : — 


TABLE III. 


Calorific value — 

B Th IJ, per lb gro.ss dry — 

Maximum value 

Minimum value 

Morwell coal 

Yallourn coal 

11,200 

10,790 

10,925 

10,810 

Ash content — dry basis — 



Maximum value 

5 2 

2-4 

Minimum value 

3-7 

1-9 

Hydrogen content — dry basis — 



Maximum value ... . j 

4 72 

4-55 

Minimurp value 

4-50 

4-25 

Moisture content — 



Maximum value 

51-8 

05-4 

Minimum value 

40-0 

02-7 


Firing of Brown Coal 

In designing boiler plants intended to utilise brown coal in the 
raw state, many difficulties are experienced, due principally to 
the moisture present in the raw fuel and the relatively low heat 
vaJjje of tfie combustible in the coal.- The moisture in the fuel 
results in an increase of the. stack losses with a corresponding 
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decrease in the thermal efficiency, while the aggregate effect of the 
high moisture and low heat value of the combustible is that the 
grate area must be made correspondingly larger. 

In order to obtain practical information relating to the combus- 
tion of the Morwell brown coal containing under 50 per cent, 
moisture, a series of tests was carried out in 1909 at the Newport 
railway workshops on a Babcock 8z Wilcox boiler fitted with a 
''Cotton” furnace, the hitler being simply a rectangular closed 
shaft without a grate. Although these tests were satisfactory from 
the point of view of elficienc}', it was evident that the furnace 
construction was not one applicable to large units. 

A series of tests was commenced in 1917 at the Melbourne City 
Council's power station, with the result that the furnace and 
grate arrangement shown in Fig. 2 was evolved. The arrangement 



Fig. 2. hurnace arrangement for burning Morwell brown coal at the 
Melbourne City Council power station. 

shown is a Babcock & Wilcox boiler with a heating surface of 
4,780 sq. ft., which was used for the majority of the tests. The 
unit was equipped with a Babcock chain grate of 96 sq. ft. area 
arranged for use with air pressure under the grate. ^ It will be 
noticed that the return arch setting compels the major portioi^of 

the hot gases to pass back over the wet coal coming on to the 

• 

5 


THE COAL INDUSTRY 


grate, as experiments proved that an arch arranged to cover the 
front sections of the grate only would not ignite a fuel containing 
45 to 50 per cent, moisture. 

The results of the above trials^ which were confirmed by tests 
made on a boiler plant erected for a temporary source of elec- 
trical energy for the development of the Yallourn undertaking, 
were considered conclusive enough to be used as a guide in 
designing the grate and furnace equipment for the Yallourn power 
station. The type of grate adopted for the power station was the 
Underfeed Stoker Co.’s class “A” balanced draft stoker, arranged 
in the manner shown in Fig. 3, from which it will be seen that the 



return arch combustion chamber was adopted, but wdth an in- 
creased length of dame travel from the grale to the boiler heating 
surface, "^'he boiler house consists of twelve boilers each of 
14.4!25 sq. ft. heating surface, equippccF with integral superheaters 
of 2,727 sq. ft. heating surface, and fired by three grates each 
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122 sq. ft. in area. Forced and induced draft fans are fitted, the 
latter discharging into six self-supporting steel chimneys 13 ft. 
internal diameter and 170 ft. high from the firing floor to the top 
of the stack Each boiler unit is rated to evaporate 70,000 lb. of 
water per hour from feed at 160° F., into steam at a pressure of 
260 lb. gauge and a temperature of 650°F. 

Table IV gives a summary of three acceptance tests made on one 
of the boiler units of the power station when burning the Morwell 
brown coal for which the plant was designed, and show that with 
a creditable efficiency the grates are capable of burning over 
60 11). of raw^ coal per square foot per hour, corres])oiuling to a 
heat liberation of 314.000 B.Th per square foot of grate per 
hour 


TABLE IV 

ACCEITANC'E TESTS ON No 4 BOlLEU— VAI.LOIJKN, 1925 
Type ol Boiler. Jolin 1 honipson Water Tube 

Maker's Rating, 70,000 ll> .steam per hour from fe(‘fl at iOO'^Eah 


Boiler heating surface . 

sq It 

14,425 

14,425 

14,425 

Superheater heating surface 

sq ft 

• 2,885 

2,320 

2,320 

Grate area (tliree grates) 

sq ft 

368 

368 

368 

Date of test . • 


7 / 4/25 

27/5/25 

1/7/25 

DuratiOii 

Tours 

8 

8 

8-266 

Percentage of Maker’s normal rating per cent 

1 10 

98-4 

105-5 

Percentage of A S M.E normal rating 

- 

200 

172 4 

184-6 

Coal — Run-of-mine Old Open Cut Brown 




Fines in coal (under {") . per cent. 

13 0 

14-7 

11-8 

Oversize m coal (over 2") 


0 2 

10 7 

7-1 

Moisture . . 


46 3 

47 9 

48-0 

Volatile matter 


27-9 

27-51 

28 I 

Fixed carbon 


23 0 

22 53 

22-5 

Ash 


2 8 

207 

1 4 

Hydrogen in dry coal 


i 400 

4 47 

4 54 

Dry calorific value (gross) B.Th IT , 

per lb 

1 11,201 

1 11:242 

1 1,496 

Net calorific value as fired 


1 5,322 

5,131 

5,247 

Total weight fired m test 

... ’’lb 

: 192,072 

183,080 

183,170 

Consumption per hour 

lb 

24,009 

22,885 

22,159 

Consumption per sq ft grate per hour - 




Left grate . 

. lb 

67 4 

57-3 

61 81 

Middle grate 

lb 

1 65 2 

55-3 

54-09 

Right grate 

lb 

1 63-2 

60-1 

65 38 

Water — Total evaporation 

. lb 

I 617.960 

551,472 

1 610,700 

Evaporation per hour 

. lb. 

77,245 

68,934 

73,881 

Evaporation per hour per sq ft 

B H 


1 

1 

surface 

lb. 

5 35 

4 78 I 

5 12 

Evaporation per lb. coal (actual) 

lb 

1 3-22 

3 

3-33 

Feed temperature ... L. 

"Fall 

1 1701 

169-0 ! 

159-4) 
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TABLE IV. — :ont%nued. 

ACCEPTANCE TESTS ON No. 4 BOILER— YALLOURN, 1925 


Steam — Average pressure (gauge) ... lb. 

Average steam temperature... ‘*Fah. 

Superheat ... ... ”Fah. 

Heat to generate 1 lb. steam from feed 
B.Th.U. 

254-2 

750-5 

343-0 

1,243-4 

254-5 
677-6 
270 0 

1214 0 

255-3 

649-4 

241-5 

1209-0 

Air — Boiler-room temperature 

“Fall 

64 6 

57 5 

54-1 

Ajr pressure under grate — 

Left grate 

... in. 

0-20 

0 22 

0-23 

Middle grate . , 

in. 

0 21 

0 09 

0-12 

Right grate 

. . in 

0 22 

0 14 

0-22 

Draught at back of grate — 
Left grate 

in. 

-0 07 

-0 01 

-0 01 

Middle grate 

... in. 

-0 10 

-0 09 

-0-05 

Right grate 

. . in 

-0 05 

-0 08 

-0-08 

Draught leaving furnace . . 



-0 01 

-0-03 

Draught at boiler exit (before damper) in j 


-0-37 

-0-40 

Ash — Weight of ash (dry) 

lb 

723 

1,304 

293 

Weight of spillage (dry) 

. . lb. 

1,219 

2,116 

1.239 

Carbon in dry ash 

per cent. 

62 7 

43 3 

29-7 

Carbon in dry spillage 


46 5 

24 0 

211 

Flue Gas — Percentage ol COj 


I 14 6 

15-4 

16-6 

Temperature of furnace . . 

'^Fah 1 

2,433 

2,347 

2,484 

Temperature of boiler cxit^as 

"Fah. 

j 606 

607 

597 

Economic Results — \V ater evaporated per lb 
coal fired and at 2I2‘"Fah. .. lb 

4-12 

t 

3-77 

4 15 

Net efficiency boiler, grate superheatei* 

per cent 

75 17 

71-27 

76-82 

Net efficiency boiler and superheater ,, 

1 

72-57 

77-27 


Under normal operation it was usual to operate at higher ratings 
and it has been found possible, under ordinary operating condi- 
tions, to burn up to 83.5 lb. of coal per square foot of grate per 
hour, corresponding to a liberation of 417,500 B.Th.U, per square 
foot of grate per hour, when burning the Morwell coal with 
under 50 per cent, moisture. 


Pre-drying Lignite 

The combustion of the Yallourn brown coal with its moisture 
content of 64 per cent., however, has presented infinitely greater 
difficulties thj^n the utilisation of the Morwell coal. When it 
became manifest that the Yallourn coal from the new opencut, 
which was to be the source of fuel for the power station, pos- 
sessed this* high percentage of moisture, it was at once realised 
thJt the chain grate and combustion chamber design, which had 
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proved successful for the Morwell coal, would not be 
so compUtely satisfactory when burning the Yallourn coal, 
inasmuch as the grate area would be insufficient, while there 
was an impression that the chain grate construction would be un- 
suitable for drying and burning a coal with a moisture content of 
over 50 per cent. This subsequently proved to be the case. It was 
natural that the idea should be formed of designing some type of 
apparatus which would dry the coal before it passed on to the 
chain grates ; such a system offered marked advantages, inasmuch 
as the deficiency in the grate area could be thereby overcome with 
a concomitant increase in combustion efficiency. 

The first trials in this direction were made on a boiler at the 
Yallourn temporary power plant previously mentioned, with a 
view to testing the advantages of pre-drying with coal from 
either source. 

The first scheme adopted was to use the hot due gases at the 
boiler exit for drying the fuel, as shown in Fig. 4. In this dryer 



Kig. 4. Arrangement of boil'_*r and flue gas dryer unit as installed in the 
Yallourn temporary power plant. 


the coal was passed through a chute having two louvred walls 
6^ in. apart, while arrangements were made to pass the hot jflue 
gases from the boiler exit, first through the top half and then 

9 



THE COAL INDUSTRY 


through the lower half of the coal column in the chute. The 
experimental unit was a Babcock & Wilcox unit with 3>436sq. ft. 
heating surface, equipped with compartment type travelling grate 
stoker and having an area of 85.7 sq. ft. It was found subse- 
quently from practical trials that the best results were obtained 
when the flue gases were distributed over the whole face of the 
louvred chute, so that they only made one traverse of the column 
of coal. A typical test on the experimental unit when being used 
as a single pass dryer using Yallourn brown coal, screened so that 
all the coal pas.sing through the unit was between the limits of 
2 in. and g in., gave the following results ; — 

Moisture in coal entering dryer ="-64.7 per cent. 

Moisture in coal leaving dryer =57.8 per cent. 

Net calorific value coal entering dryer= 2,973 B.Th.U. per lb. 

Net calorific value coal leaving dryer=3,760 B Th.U. per lb. 

Coal entering dryer per sq. ft of chain grate area per hour= 
57.6 lb. 

A design of dryer for the use of screened coal and based on the 
original experimental dryer was then evolved for the boilers 
(Fig. 5) of the mam po*?v'er station. The original scheme with 
the 50 per cent moisture coal contemplated the use of screened 
coal at the power station conjointly, with the utilisation of the 
residual fine coal in the briquette factory, and there appeared 
every justification to adhere to this proposal for the higher 
moisture coal. Tests on these dryer units indicated that when 
Yallourn brown coal, screened to a maximum size of l-J in., and 
when only a very small percentage of coal below J in. in size was 
being used, an average furnace temperature of 2,200°F. was ob- 
tained with 13 2 per cent, of COo in the flue gases. Samples of 
coal leaving the dryer, taken when the unit was operating at 
approximately normal rating of 70,000 lb. per hour, showed that 
the coal had 65.4 per cent, moisture entering the dryer and 55.2 
per cent, leaving the dryer. This was very satisfactory, the output 
of the boiler being 30 per cent, higher than its performance when 
operating on the 64 per cent, moisture content Yallourn coal of 
the same texture but with the plant as originally installed for 
50 per cent, moisture coal. 

For a time the use of screened coal of this texture was employed 
at the pow^r station, but soon the difficulties accompanying the 
screening of coal having the Yallourn’ characteristics became so 
serious as to make it clear that a change of method was necessary. 
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The ordinary types of screens employed became continually 
choked, owing to the excessive plasticity of the coal, in spite of the 
use of various ingenious scraping and cleaning devices. The very 
process of screening due to the coal's earthy structure only created 
still more fine coal, consequently, the rejected residue of fine coal 
which was to be disposed of in the briquetting plant was so large 
in quantity that the briquetting factory could not use it at all; 
moreover, the briquetting factory boiler staff were experiencing 
the same difficulties as were met with at the power station in 
maintaining steam output, when a large percentage of fine coal 
was used. 



Fig. 5. Arrangement of boiler and flue gas dryer unit as installed in the 
Yallourn power station. 


The natural result was an endeavour to use coal at the power 
station having a larger percentage of fines and a wider range of 
size in the texture. 

* 
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When such a grade of coal was tried in the dryers it was found 
impossible to maintain the same outputs as with the better 
screened coal, for several reasons : — *■ 

The regular How of coal down the louvred chute was frequently 
interrupted by bridging across the chute, or partial holding-up 
due to the earthy plasticity of the coal, followed by a run or slide 
which packed the chute so tightly, the intermittency being very 
frequent, that the available induced draught fan capacity was not 
sufficient to draw the gases through the increased resistance of 
the column of coal. 

In order to bring the output uj) to anything approaching within 
15 per cent, of the output obtainable with the coal for which it was 
designed, it was necessary to by-pass such a large proportion of 
the gases that the measurable drying effect was reduced to what 
appeareil to be an insignificant quantity. Nevertheless, it was 
conclusively proved that the dryer was performing a very useful 
function, as b}’ operating in this way the boiler output was about 
12 per cent, higher than when operating without the dryer in 
operation. It was presumed that this improvement arose from 
the coal in its passage through the hot gases having been brought 
to a state in which it was rftore readily ignitible, firstly by the coal 
mass having absorbed sensible heat, and secondly by small 
particles, and the surfaces of larger pieces having dried off to the 
degree of being ready to ignite, and while burning so to hasten 
the drying of the bulk of the coal after entering the furnace 
The next step was an endeavour to reduce the draught drop 
through the coal column, so as to draw a larger proportion of the 
gases through and thus to bring more of the coal pieces into 
intimate contact with the heating medium. The easiest way to 
obtain this end without radical alterations and with the same 
fans, which could not readily be replaced, was to make the louvred 
, chute narrower. This was done on one of the boilers, reducing 
the coal thickness from 6^ in. to 4i in. 

It was then found that the packing in the chutes became more 
local, due to the larger lumps assisting the bridging by catching^on 
the ridges formed by the louvre blades. The clearing of the ob- 
structions became such a serious, tedious, and dangerous operating 
feature that continuance of operation was manifestly impractic- 
able. With this arrangement there was no doubt that a larger 
proportion of the gases passed through the dryer, but as the fine 
dust iwas dried off it was carried out of the chute by the high 
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velocity of gases and deposited in the recesses of the dryer at 
such a rate as to choke the passages. 

The local holding-up of the coal was responsible for uneven 
concentration of gas penetration, tending to want of uniformity 
in drying and consequent irregularity in output of the boiler. 
No doubt more drying took place, but the practical difficulties 
nullified its useful effect. 

About this period four out of the ten boilers then in operation 
had been fitted with dryers, and one of these had been made for 
double passage of the gases instead of single pass, and although 
the draught loss through the dryer was somewhat more than with 
the single pass dryers, it has always been claimed by the operating 
staff that with a good texture of coal this unit gave a better 
performance than the others. 

Difficulties Attending Pre-Drying 

At this stage it had been demonstrated that the principle of 
direct drying by waste flue gases, though fully successful from 
the point of view of performance and with the correct texture 
of coal available, could only be applied successfully under the 
conditions to be met at Yallourn by. overcoming certain funda- 
mental difficulties, namely: — 

1. Excessive draught loss. 

2. Irregular bridging of coal and resulting want of uniformity 

of coal and gas flow. 

3. The early drying of the fine dust and its excessive escape 

from the coal chute. 

With a view to equipping the remainder of the boilers with an 
improved type of dryer, attention was then given to the possi- 
bilities of drying by a free intermixing of the gases and coal 
particles while the latter were allowed to fall freely. 

The design of an appliance which was evolved and tested on an 
experimental scale is shown in Fig. 6. 

The hot flue gases entered the dryer at the bottom and were 
compelled by means of baffle plates to traverse the coal as it was 
falling down the chute. 

The tests on this appliance showed that with the space available 
on the Yallourn plant this sx stem ; — 

1. Would not attain the required reduction in draught loss and 
at the same time give the requisite improvement in per- 
formance; 
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2. Resulted in a considerable loss of fine semi-dried coal dust, 

probably more than in the louvre type of dryer; 

3. Was considered to be too complicated from the operating 

point of view, because of the moving parts. 



About the time these conclusions had been reached, the exigencies 
of the demand for further output from the power station called 
for steps to be taken to attain quicker results than were promised 
by the pursuit of further problematical experimental research. 
.The possibility had been kept in view of increasing the original 
grate area by means of a supplementary grate, and a movement 
was made towards developing this proposal. In the meantime, it 
was felt that before abandoning the dryers on the four boilers so 
fitted, a further modification should be made on one of them to 
ascertain the effect of passing the stream of coal through an 
atmosphere of waste Hue gas without the induction of the gases 
through the interstices of the coal column. Baffles were arranged 
to give the gases a longer and more sinuous flow around the coal 
chute,. which was, in this case, widened out to 12 in. 
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The results in this case, as in the other efforts, tended to show 
the inadequacy of the small space available. The widening of the 
chute had been decided upon on account of the tendency for the 
coal texture supplied to the power station to have an increasing 
range of size, and naturally this prejudiced the transfer of heat 
to the interior body of the coal, while again the limitations of 
draught and the restricted available headroom precluded the 
gases and coal stream remaining sufficiently long in contact with 
one another to give the desired degree of increased output from 
the boiler. 

Although the Commission s research on Hue gas dryers has been 
prolonged owing to the necessity for meeting the recjuireincnts of 
commercial service while making experiments, it must not be 
concluded that it has been exhaustive, and some regret is felt that 
conditions will not permit of further investigations into a system 
involving the principle of expelling moisture from the coal before 
attempting to pass it into the furnace. 

One advantage of the dryers installed at Yallourn power station 
which has always been appreciated by the operating staff was the 
means the}' provided for the preparatory drying of a charge of 
coal in the chutes, holding about 8* tons, in readiness for the 
sudden rise on peak loads. The effect of this hot semi -dried coal 
rapidly passed on to the grates had a very marked effect upon the 
station’s ability to weather the peak load rise. 

Experience having demonstrated that the successful application 
of low-temperature flue gases to coal drying would require a 
good deal more space than was available, and also would involve 
considerable developmental w'ork, it was decided to dismantle 
the dryers one by one as other substitutes become available Only 
one dryer now remains. 

Drying Coal in Combustion Chamber * 

In order to overcome the inherent difficulties incidental to using 
the low-temperature flue gases, the next modification towards 
bringing up the capacity of the boiler plant on the high-moisture 
coal aimed at drying the coal after it had entered the combustion 
chamber, thereby gaining the advantage of the furnace tempera- 
ture; in other words, introducing the raw coal direct on to an 
increased grate area. 

The first form of apparatus (Fig. 7) was simply an inclined 
grate surface supplementing the chain grate, and made up of 
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Stepped bars exposed to radiant heat, and to a limited extent a 
transfer of heat by conduction from the hot rases In contact with 
the coal surface. The angle of the fixed grates was such that the 
coal flowed by gravity in a stream from the chute to the travelling 
chain grate The transfer of heat to the incoming coal was not 
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Fig. 7 Arningt'mcrU of Yallourn boiler unit equipped with inclined 
supidcmentary step grates. 

sufficiently rapid to dry off and ignite the surface stream of coal 
•l)efore it reached the combustion zone, but it was sufficient to 
commence the drying process immediately the coal entered the 
liead of the fixed step grate. In addition to this surface drying 
there was a degree of heating and drying taking place on the 
underside of the stream of coal derived from the underburning of 
the coal lying between the bars of the grate and sheltered from 
the onward movement of the coal. This action can be readily 
understood when it is appreciated that, unlike black coal, the 
Yallourn brown coal, when dry, will ignite at a temperature 
of approximately 370° F , provided sufficient air is present. 
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The auxiliary step grates have had quite an appreciable effect on 
the capacity of the boilers, loads of 74,040 lb. of steam per hour 
l)eing obtained from the boiler units when burning Yallourn brown 
coal with the pieces of coal over 2 \ in. in size screened out. This 
evaporation is equivalent to 77.6 lb. of coal consumed per square 
foot of total grate area per hour, corresponding to a heat liherai-ion 
of 239,600 B.Th.U. per square foot of total grate area per hour. 

With fixed inclined grates preceding the chain grates, difficulty 
was experienced when large fluctuations in the size of coal 
occurred, hence it was felt that a mechanical movement of the 
inclined grate bars would he advantageous; especially as, in addi- 
tion. it would break up the fuel bed, thereby allowing access of air 
to the pieces of coal below the surface of the coal stream. Pre- 
liminary trials on a unit equipped with a mechanical type pre- 
dr 3 hng grate, working in conjunction with a chain grate, have 
shown that a mechanical movement facilitated the control of the 
coal flow down the inclined surface, but have also demonstrated 
that the increase in drying incidental to the mechanical movement 
has not been very marked. 

Up to this juncture all efforts at Yallourn power station had been 
directed towards increasing the capacity of the existing plant, but 
it now became necessary jLo give some thought to trying alterna- 
tive methods for extensions to tlie power station in a second boiler 
house, which the increasing demands on the system would shortly 
require. The two most practicable systems which suggested 
themselves were : — 

1. Pulverised dried brown coal. 

2. Raw brown coal on step grates. 

Of these, the latter presented fewer difficulties and uncertainties, 
and upon investigation promised to be more economic. 

CoMJlUSTION ON StKP GRATES 

It was recognised from the inception of the experimental work 
on the Yallourn coal, that the inclined step-grate type of unit had 
great possibilities where a fuel containing a moisture content 
greater than 50 per cent, was to be handled, hence one of the 
original boiler units of the main power station, which was not 
equipped with chain grates under the original contract, has been 
fitted recently with inclined mechanically moving step grates to 
operate with air pre-heat6d to a moderate degree. 

In the following paragraph are given the considerations which 
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led up to the adoption of the particular system of firing applied 
to this boiler, and which will form the basis for an almos^ similar 
system proposed for the first section of the second boiler-house 
plant. 

It is possible to divide the methods of firing raw brown coal on 
inclined step grates into two general divisions : — 

(o) Fixed inclined step grates set at such an angle that the coal 
flows downwards due to the action of gravitational forces 
only. 

{b) Mechanically moving inclined step grates, in which the coal 
is assisted in its passage down the grate by a horizontal 
reciprocating or rocking motion of the bars. This form of 
grate will obviously, for a coal of similar texture, have a 
much smaller angle of inclination to the horizontal plane 
than a fixed step grate. 



Fig. 8 Statio/iary inclined stej) grate unit installed in the Yallourn 
BnqiieUing Works 


The fixed step grates may be further subdivided into two types, 
the distinguishing feature lying in the furnace design. Sketches 

of grates belonging one to each of the subdivisions of fixed step 
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grates are given (o) in Fig. 8, showing a boiler unit installed in 
the original boiler house of the Yallourn Briquetting Works and 
{b) in Fig. 9, which illustrates a type of furnace considered in 
designing the extensions to the Yallourn Briquetting Works. It 
will be seen that the first type (Fig. 8), which is called the “half- 
gas or pre-gasifying” step grate, has a furnace designed so that 
two firebrick walls project downwards from the roof of the 



Fig. 9. Arrangement of a bQiIer unit with stationary step grate and coal 

drying shaft. 
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furnace to a point quite close to the fuel bed. These walls are of 
chequered design to permit free flow of gases, and form a drying 
chamber and pre-gasifying chamber. The second type of fixed 
grate (Fig. 9) has one large combustion chamber, in the front 
part of which a drying shaft and a firebrick wall are so placed 
that some of the gases are deflected from the main gas flow and 
are directed so as to lake a return path and sweep the inside face 
of the drying shaft. 

The most important point to notice about burning brown coal on 
inclined step grates, whether mechanically moving or fixed, is that 
the fundamental principle governing the burning of brown coal is 
fulfilled to a certain extent automatically, viz., the coal in the 
pre-heating and drying zone is in a thick bed, while in the combus- 
tion zone it is thin. This accomplishes two important things : — 

(fl) Supplies the major j^ortion of the air to the thin portion of 
the fuel bed, that is, to the active portion of the fire. 

( h) Provides a large quantity of semi-dry coal sufficient to meet 
the normal fluctuations in the steam demand from a boiler 
unit without adjustments of fuel bed thickness and without 
demanding, in the case of a mechanical type of grate, such 
close and concurreflt attention to stoker speed regulation 
as is demanded with the horizontal chain grate. 

A ver}’ important factor in the success of a grate to burn brown 
coal IS that the bars of the grate should be designed to encourage 
‘fiinder-burning" to take place to the fullest extent possible. 
"Under-burning" is the name given to the burning of the coal 
which accumulates between the bars and which does not pass 
along at the same speed as the coal itself. This coal, being stag- 
nant, dries readily and ignites, thus creating a marked drying 
eflfect on the fuel bed. In the case of the older forms of fixed 
step grates under-burning was attended with a serious drawback, 
inasmuch as it increased the objectional effects of puffing out 
of the flame when the coal avalanched. In (lermany it is cus- 
tomar} to attribute the cause of this puffing out of flame from 
the grates at intervals to the pressure wave set up in the furnace, 
consequent on the sudden resumption of the flow of the coal ” 
after a stick-up has taken place on the grate surface. 

.As the puffing out is due to uneven flow of the coal, it is obvious 
that it will occur mainly in stations where the coal is extremely 
variable in texture, and especially in plants equipped with the 
older forms of fixed step grates, which are of necessity installed 
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at steep angles. With the advent of the mechanically moving 
grate with its smaller inclination and regulating devices, it is 
possible to cause the coal to flow more evenly, with the result 
that this trouble does not occur in plants using mechanical grates. 

One of the advantages of the mechanical type step grate lies in 
its capacity for handling fluctuations in coal texture and the 
comparative ease with which increasing and decreasing loads can 
be met. In the case of the half-gas fixed step grate, the thick fuel 
bed can serve to meet small load fluctuations, but large variations" 
cannot easily be met without manually assisting the coal and 
constant supervision. This is a very difficult and laborious opera- 
tion with grates as long as are required on modern large boilers 
and where high moisture coal is used — if hot air is to be intro- 
duced under the grates, it is still more difficult to arrange for. 



Fig. 10. Mechanically operated step grate boiler unit installed at 
Yallourn Power Station. 

The basic design of the mechanical step grates installed under 
one of the boiler units at Yallourn power station (Fig. 10) makes 
it possible to control the coal in three different places on the grate 
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surface, with the result that the combustion process is capable of 
more accurate and efficient control than with other forms of 
grates. This advantage in combustion control is not obtained 
without certain disadvantages, as it complicates the design of the 
grate and, moreover, demands more skill on the part of the 
attendant. 

Another interesting feature of the design of grate adopted is that 
the rear section of the grate, which is almost horizontal, permits 
of adjustment while the unit is in actual operation. It will be 
noted that a small fixed type of step grate is set so as to receive 
the discharge of ash and unburned coal from the horizontal 
moving grates This fixed grate has a two-fold function to 
perform : — 

(a) It must burn off any extra large pieces of coal which, 
owing to their variable drying characteristics, cannot be 
burned in the time interval allowed for the burning of the 
finer sized coal. 

{h) To burn the fine coal particles which separate out from the 
gas passing out of the combustion chamber. The particles 
which lodge on the inclined rear wall of the furnace fall 
down through holes at the junction of the rear inclined 
arch and this furnace wall. 

The small fixed step grate, therefore, acts as an automatic 
preventive of coal passing unburnt into the ash pit, and obviates 
to a large extent the amount of attention necessary when the unit 
is carrying fluctuating loads and when operating on a variable 
sized coal, such as that supplied to Yallourn power station. 

It will be noted, on reference to Fig. 10, that the step grate unit, 
contrary to accepted Continental practice, is not equipped with a 
gear-operated variable fuel gate between the drying shaft and the 
mechanical grate, as it was felt that frequent adjustment of the 
• fuel gate would not be necessary with a mechanical grate in which 
the rate of How of the coal down the grate is principally con- 
trolled by the variable speed of the moving bars. In the case of 
a fixed step grate without a drying shaft and without any con- 
trollable movement of the bars, a gear-operated fuel gate is 
absolutely indispensable, because the grates must be set at a steep 
angle sufficient to cause the coal to flow by gravity under any 
rate of coal feed, and the best way to check the flow on light loads 
is to do so by lowering the fuel gate. The alternative w^ould be 
to make the angle of the grate adjustable by quick operating gear, 
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but this would entail a cumbersome complication which is not con- 
sidered- practicable. In the case of mechanically-operated step 
grates, the position is entirely different, inasmuch as the mechan- 
ical grates are set with a smaller inclination (one well-known 
Continental grate manufacturer has 6 ’ difference in slope between 
the mechanical and tixed designs) ; in fact, one of the leading 
advantages of the mechanical grate is that it can be set at a low 
enough angle to prevent the smothering of the active fuel bed at 
low ratings, dependence being placed on the mechanical movement 
to complete the inducement for the coal to How, The normal 
lluctuations in demand are, therefore, met by adjusting the speed 
of the mechanical actuating device; provided there is a sufficient 
range of speed, there is ajiparently no need for regulation by fuel 
gate. This is especially the case where a mechanical grate is 
operated m conjunction with a drying shaft, but it must be noted 
that the determination of tlie correct size of the incoming coal 
opening will vary with the grate design and physical properties 
of the coal ; hcnce^ in the \'allourn units, although a gate capable 
of being raised and lowered during operation is not provided, 
there is a tixed weir gate which can be adjusted in height when the 
unit is not in service, for varying the opening available for coal 
flow, so that the operating mechanisms for the fuel gates can be 
entirely dispensed with. 

Drying Shaft 

Following on the success of the inclined fixed grates when 
applied to tlie chain grates, il was decided that any step grate, in 
order to make the most of the space available, should be equipped 
with some form of drying shaft situated inside the combustion 
chamber. A form of drying shaft (Fig. 9) used on the Continent 
consists of two louvred walls about 21 in. apart made of firebrick 
blocks set in cast-iron side frames and arranged so that a small 
part of the main body of furnace gas passes down the inner face 
of the drying shaft. With this design of shaft, owing to the small 
opening between firebrick rings, the coal is more or less stagnant 
in this space, with the result that a certain amount of combustion 
takes place on the surface; but as this burning surface cannot 
mix in with the main body of coal flowing down the chute it has 
very little influence on the drying. Also, the particles of burning 
coal deposited in the small spaces between the louvres or blocks 
by the passing flue gases are less effective^in drying the body of 
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the coal than they might be, as they simply bum on the coal surface 
without mixing in with the coal. It will be understood that this 
surface-burning between the louvres probably tends to be less 
effective in its drying, as the fines in the coal increase, and would 
give better results jjossibly in some installations using selected 
brown coal. 

This inherent defect of the louvred wall drying shaft led to the 
adoption of the design of shaft shown in Fig. 10. This shaft 
consists of a staggered arrangement of firebrick walls set in the 
combustion chamber at angles such that the coal, during its 
passage down the dryer, is compelled to take a zig-zag path, with 
the result that a mixing action is obtained. Moreover, a larger 
surface is exposed to the action of surface burning, to the recep- 
tion of radiant heat from the hot surface gases and firebrick 
walls, and for the lodgement of burning coal particles from the 
gas, with the result that a drying shaft has been evolved which 
appears to promise more effective drying than the earlier louvred 
type. 

Preliminary trials of this drying shaft and mechanical step grates 
recently installed on a boiler in the existing boiler house have 
been made, and have shown that it is possible under operating 
conditions to burn 95.2 lb of Yallourn brown coal per hour per 
square foot of mechanical grate, corresponding to a liberation of 
294, 5(X) l^.Th.U. per hour per square foot of grate. The coal used 
on these tests was crushed Yallourn brown coal, with approxi- 
mately 10 per cent, over 24 in. in size and 40 per cent, under \ in. 
in size and containing 04 per cent, water. Under operating con- 
ditions the unit, which is equipped with both forced and induced 
draft fans, was operated with an air pressure of 1.0 in. of water 
column in the chamber under the grate and 0.35 in. of water 
t'olumn suction in the combustion chamber. The trials were made 
when the unit was operating on cold air before the completion of 
the air pre-heater, hence considerably better results are anticipated 
in the future, when hot air under pressure is supplied to the 
furnace. 

It has been found that a positive pressure in the air chamber 
under grates substantially increases the capacity of a boiler plant, 
under which is burnt raw brown coal, but in the case of the 
compartment type chain grate, positive pressure also introduces 
a very troublesome situation in the boiler house, inasmuch as large 
quantities of sparks and dust are blown out from the clearance 
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spaces between the moving and fixed portions of the grate. With 
step grates, however, the pressure chamber can be more effectively 
sealed.* 

As previously mentioned, in view- of the success attained in 
burning Yallourn raw coal in this trial unit, it is proposed to 
adopt the same general design for the first section of boiler 
plant to be installed in the second boiler house at Yallourn. 


Arrangemknt of Boiler Plant 
The illustrations (Figs. 11 and 12) indicate the proposed 
arrangements of boiler units There are to be eight boiler units in 



Fig 11 .Site plan of Yallourn J’owcr Station 


the first instalment of the new boiler house, but the completed 
boiler house is being designed to accommodate twelve boiler units, 
each with a normal evaporation of 75,000 lb. of steam per hour 
from feed water, at a temperature of 280°F., into steam at a 
pressure of 270 lb. per sq. in. (gauge) and a temperature of 
700^F. at the superheater stop valve. The units are to be designed 
to burn Yallourn brown coal containing 64 per cent, moistur^, and 
will be equipped with mechanical step grates and drying shafts. 

An unusual feature in the specification for the new boiler plant 
is included in the section dealing with performance guarantees 
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of the proposed plant, in that all guarantees of efficiency have 
been replaced by guarantees of flue gas temperatures. The grates 
are to be provided under a separate specification to that covering 



Fig. 12 ArrarigemenL of proj)oscd boiler iinil for Ihc Yallourn extension 

boiler house. 

the rest of the boiler plant, and the tenderers for the boiler unit 
have been assured that there will be a sufficiency of hot gases to 
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enable the boiler to develop its guaranteed capacity with the 
grates. •The grates to be supplied by the grate contractor will be 
capable of burning a certain weight of Yallourii brown coal, 
while emitting furnace gas, with an excess air corresponding to a 
specified percentage of CO 2 measured at the point of entering the 
boiler healing surface, and when the combustible 111 the refuse 
and the CO in the Hue gases are within fixed limits. 

The elimination of the usual guarantees of overall boiler plant 
efficiency avoids the necessity for an assumption by the tenderer 
of the "unaccounted for” losses incidental to burning a fuel which 
differs considerably from the fuels coinmonl} used in Australia. 

Upon testing a boiler on Yallourii brown coal and computing 
the heat balance in the usual way, the “unaccounted for” losses 
due to radiation, combustible in ashes, and in the particles carried 
away by the gases leaving the furnace, are found to be much 
higher than is customary in black coal practice. The excess is 
attributed to the loss in flying particles of combustible, and tests 
made indicate that this loss varies from 3 per cent, at low ratings, 
up to 12 ]>er cent, at higher ratings when units are not equipped 
with air pre-heaters. With air pre-heaters this “unaccounted 
for” loss is reduced to about half these values when the air is 
pre-heated to the region of 400°F. 

Without an appreciation of this characteristic of brown coal 
burning, the reverse might be expected on account of the relatively 
low furnace temperatures and consequent low radiation losses 
obtaining when burning raw brown coal. 

It was not difficult to arrive at a decision to incorporate air 
pre-healers in the new boiler plant for Yallourn power station 
extensions. 

Apart from the now generally accepted principle that modern 
steam practice has reached as to the economic soundness of^ 
employing the boiler exit gases to pre-heat the air for the furnaces 
while the feed water is heated by steam drawn from stages in the 
turbines, there was a feeling that heated air would have particular 
advantages in its application to brown coal burning. 

These expectations have been largely realised in a few trials 
conducted on a regenerative air pre-heater of the rotating t\pe 
installed some six months ago on one of the original boilers 
equipped with the previously described combination of chain 
grates and supplementary stationary step grates. Air is supplied 
at approximately 400°F. 
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— ^The inclined extension grates are included but drying shafts and flue gas dryers are excluded in deducing grate areas. The 
fixed step grates at the end of the mechanically moving grates are excluded in all cases. 
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Experience gained with this boiler unit has demonstrated that 
air pre-heating is extremely beneficial in its application to brown 
coal burning at Yallourn, where the fuel is of low grade, variable 
in texture and high in moisture content, namely 64 per cent., 
inasmuch as it increases the flexibility of the boiler, enabling 
steam to be raised more quickly than with cold air, it increases 
the grate capacity 15 per cent, to 20 per cent., and it decreases 
tiie loss due to the unburnt particles of coal carried off in suspen- 
sion by the furnace gases. 

Table V briefly summarises the outputs from the present boilers 
at Yallourn, obtained with various forms of apparatus which have 
been used in the combustion of the Morwell and Yallourn brown 
coals in the several stages of development This table clearly 
illustrates the ease with which well-graded brown coal, having 
moisture contents up to 50 per cent , can be burnt efliciently, 
compared with the extreme difficulty of obtaining anything like 
propcjrtionate results from 04 per cent, moisture Yallourn coal 
of wide textural variability. It further demonstrates how these 
difficulties, by the adoption of suitable methods of a reasonably 
simple character can be overcome, so that the success from a 
combustion aspect of any scheme based on the utilisation of brown 
coal, such as Yallourn browui coal, is definitely assured. 

Turning now to other means for dealing with brown coal, it may 
be mentioned that in the course of brown coal investigation the 
Commission has given a great deal of thought to the possible 
advantages to be gained by adopting some system involving the 
partial pre-drying of Yallourn coal by means external to the 
boiler plant before introducing it to the furnaces. 

The coal, having been partially pre-dricd, can then be burned in 
either of two ways : — 

1. As pulverised partly dried brown coal, introduced into the ^ 

furnace through burners in the ordinary way. 

2. As partly dried brown coal of a texture depending upon the 

degree of dryness introduced upon inclined step grates 
specially designed for the purpose. 

The latter method has, so far, not been developed, and no doubt 
would involve a good many uncertainties, which, however, could 
probably be successfully solved in the process of time. 

The application of a pulverised fuel system to brown coal com- 
bustion has already been tried, not only experimentally by the 
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Commission, but by other authorities both commercially and 
experimentally with, in many cases, eminent success. • 

The Commission’s efforts were principally directed towards 
ascertaining the characteristics and difficulties peculiar to brown 
coal in the process of pulverising and burning. It was established 
that brown coal, as distinct from ordinary black coals, necessitates 
to an extent dependent upon the moisture content of the prepared 
coal, special adaptations of the normal standard pulverised fuel 
appliances, in respect to pulverising mills, storage bins and trans- 
portation pipes, screens, feeders, etc. These adaptations, however, 
are of minor importance compared with the special treatment of 
the drying process. 

Class 1 1-1 CATION of Dryers 

In designing a drying plant the degree of dryness to be aimed at 
will depend upon the subsequent treatment of the coal ; generally 
speaking, it is desirable to dry brown coal down to from 15 to 
18 per cent, moisture content for use in a “bin and feeder" or 
central system, and from 30 to 35 per cent, moisture for use in a 
“direct firing" or unit system. Beyond these limits difficulties 
become accentuated. 

Coal drying apparatus may be divided broadly into two classes : 

1. Drying by steam. 

2. Drying by hot flue gas. 

Class 2 may certainly be subdivided into “direct" and “indirect." 
Possibly Class 1 may be similarly subdivided, although nothing 
of any commercial magnitude has so far been done to develop 
“direct" steam drying. 

Class 2 may be further subdivided into “high-temperature" and 
“low-temperature" flue gas The early Yallourn dryers already 
described belonged to the “low-temperature direct" subdivision. 
In other parts of the world coal dryers have been used of a 
composite class, combining features of both classes. 

Apart from the early Yallourn dryers, the Commission has con- 
fined its actual experience to the most practicable systems now in 
use, namely : — 

1. .Steam drying b> indirect means, such as has been in use at 
Yallourn Briquelle Factory for several years, employing 
dryers identical with those almost invariably used in modern 
brown coal briquette factories in Ciermany, and consisting 
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mainly of large steel drums slightly inclined, revolving 
slowly in trunnions while steam is introduced to the interior 
at a low pressure and while the coal, after having been 
crushed to a tine texture, gradually flows along 4-in. tubes 
which extend from end to end of the drums. 

2 IJr} ing by direct contact w’ith hot flue gas, as was the system 
employed in a small plant installed some five years ago in 
proximitv to Newport power station, for the purpose of 
dr) mg and pulverising brown coal used in experiments 
relating to the combustion of pulverised brown coal in 
locomotives, and on one of the stationar\ water tube 
boilers at Newport power station. 

The type of dr)er employed in this case was that commonly 
supplied at that time by the Fuller-Lehigh Co. Particulars of 
this plant and the experiments referred to are reported in detail 
in Bulletin No 1, issued by this Commission in 1926. 

The Commission’s investigations into the best syslem of com- 
bustion to be adoyjted for the proposed extensions of generating 
plant took fully into account the use of dried coal burned in 
pulverised form or otherwise. 

At first sight, steam drying has an attraction for a power sup]dy 
undertaking, b) reason of the so-called surplus energy which may 
be generated by back pressure turbines reducing the high pressure 
steam from the boilers to a low pressure of approximately 40 lb. 
per sq. in., such as is suitable for supplying to the dryers. 

The amount of surplus energy obtained in this way, however, is 
relatively small when the amount of coal to be dried is for the 
power station requirements only, and by reason of the low cost of 
raw^ brown coal, the resulting reduction in the power station 
''variable charges’" was estimated to be slightly more than counter- 
balanced by the additional “standing or fixed charges” which the 
drying plant would entail. 

Tf, however, there were a market for dried coal considerably 
beyond the power station requirement, a dried coal system of 
firing for the power station would be much more favourable, and 
the rate of improvement would be very rapid, as the output of 
dried coal increased alternatively the cost of dried coal would 
decrease if the cost of generation, apart from the cost of coal, 
remained as before. 

Comparing a dried coal system based on '‘direct” drying with 
one based on steam drying, it was found that the two systems 
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would be approximately equal on an economic basis, so long as 
the outputs were relatively small; moreover, the “direct” system 
appeared to present difficulties and undesirable features which 
the “steam” system would not possess. An economic superiority 
of the steam system comes into evidence as the dried coal require- 
ments increase. 

The ultimate decision in regard to the power station extensions 
was that, for the present extensions at any rale, it would not be 
advantageous to pre-dry the coal by an external process prior to 
its introduction to the boiler furnaces. 


ZUS AMMENFASS I T N( . 

Die Braunkohlenlager im Staate Viktoria, Australien, iimfasscn das "Lat»'obe 
Tar'-Gebiet, eiiies der reichsten Kohlenvorkommeii der Welt Dieses Gebiet 
wird gegcnwarLig von der State Electricity Commission von Viktoria, einer 
Regierungsorganisation, die cm Kraftwerk und eine Brikettfabrik dort 
emchtet liat, ausgebcutet Die m den versclnedenen Teilen des Latroben 
Talcs vorgefundene Kohle wechselt wescntlich in ihrcr physikahschen 
und cherni&clien Beschatfenheit, sodass das Kraftwerk, welches anfanglich 
die Morwcll-Kohle von 45 bis 50% Feuclitigkeil leiierte, jetzt die Yallourn- 
Kohle mit einer Feuchtigkeit von 64% feiiert Die Electricity Commission 
hat die Erfahrung gcinacht, da.ss Braunkohle init 45 bis 50% Peiichtigkcit 
auf Wanderrosten imt unterteilter Liiftzufuhrung mit guten Resultaten 
verfeuert werdcn kann, falls gleichzeitig ein durcli I Jnterwindventilatoren 
erzeugtcr Jaiftdruck unter deni Rost besteht Es geht aus Vcrsuchcn hervor, 
dass man stimdlich 407,7 kg Morwcll-Kohle pro (Juadratmeter Rost verfeuern 
kann, was einer Befreiung von 1 132 000 WE pio Quadratineter Rost pro 
Stunde entspricht. Umfassende Vcrsuchc siiid durchgefuhrt worden, um 
die Leistung der Rostc mit unterteilter Euftznfulirung bei der Verbrennung 
von Yallourn-Kohle mit einer Feuchtigkeit von 64",, zu erliohen Die 
anfaiighelien Entwickehmgcii hatten zum Ziel, die Kohle vor Eintritt in die 
Feuening durch die Ke.sselabgase zu trocknen, aber aus versclnedenen in dem 
Artikel angefuhrtcn Grunden ist diese Form von V'ortrocknungsapparat 
durch Treppenroste ersetzt worden, welche die Kolilc iiach ihrcm Eintntt 
in die Feuening, aber vor ihrer Verteihing aui dem Rost mit unterteilter 
Luftzufuhriing vorwarmen und teilwei.se trocknen Aus einer Anzahl auf 
Erfahriingen mit cincr Versuchsemheit gc.stutzter Cirunde wurde beschlossen, 
in der Yallourncr Kesselhauserweiterung mcchanische Vorschubtreppenroste 
mit vorgebauten Trockcnschkchten einzuhauen Dicsc projektierte Kessel- 
hauscrwcitcrung liefert den Dampf fur drei 25 000 kW-Turbinen, wodurch 
die instalherte Leistung des Kraftwerks Yallourn auf 150 000 kW erhbht 
werden wird. 
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Dem heutigen Oestcrreicli sind von den aiisgedehnten Kohlen- 
lagerstatten des friiheren Reiches nur bcscheidene Kolilenvor- 
kommen verblieben, so dass dcr Hcdarf Oesterreichs an mineralischen 
Brennstoffen heute aus der Inlandsp)roduktion bciweitem nicht 
gedeckt werden kann., Ueberdics sind in Ocsterreicli vorwiegend 
Braunkohlcn vorhanden, wahrend Stcinkohle nur vcreinzelt gefor- 
fiert wird. Ocstcrrcich ist sonach insbesondere in Steinkohle, die 
Jiucb m bedeutenden Mengen eingefiihi t wird, auf das Ausland 
'a^'jl^wiescn. In diesen Mengen sind auch grossere Quantitaten 
von Spezialkohlen enthaltcn (wie z.B. (iaskohlc), die in Oesterreich 
iiberhaupt nicht gewonnen werden. Ferner ist zu bemerken, dass 
in Oesterreich derzeit weder Hochofenkoks nocli auch Bnkette 
.erzeugt werden. 

Was nun die Kohlenversorgung Oesterreichs betrifft, so ist vorweg 
festzustellen, dass der osterreichische Markt von fast alien auslan- 
dischen Grossrevieren beliefert wird. Vor allem ist in Oesterreich 
" die oberschlesische Steinkohle im Hausbrand gut eingefiihrt und 
hat nach wie vor den grossten Anteil an der Emfuhr; es folgen 
dann die Tscliechoslowakei und Deutschland, sowie mit kleineren 
Mengen von Stein- und Braunkohlen das Saargebiet, Holland, 
England, Ungarn und Jugoslawien. 

’Ein Ueberblick auf die Gestaltung des bsterreichischen Kohlen- 
k(msums zeigt, dass der Verbrauch in den letzten Jahren — je ilach 

a2 


33 



THE COAL INDUSTRY 


dcr Konjunkturlage— Schwankungcn ausgesctzt war. Der Anted 
der Inlandskohle (zirka 3 Millionen Tonnen jahrlich) besteht iiber- 
wiegend aus Braunkohle, zumal die osterreichische Steinkohlen- 
fdrderung bisher pro Jahr hochstens 170 000 Tonnen erreicht hat. 
Ausser den in nachstehender Tabelle erwahnten Kohlenmengen 
werden noch jahrlich zirka 400 000 Tonnen Gaskoks verbraucht, 
dcr jedoch durchwegs aus Anslamlskohle hcrgeslellt wird, also in 
den Importmengen bereits enthalten ist. 

Kohlenvcrhrauch Ocsicrreichs in metrischen Tonnen (k 1 000 kg). 

Jahr 1922 1923 1924 1925 1926 1927 

Inlands- 
kohle 3 277 353 2 S()3 508 2 922 288 3 157 736 3 060 775 3 161 295 

Auslands- 

kohle 5 809 781 5 023 394 5 704 855 5 271080 5 124 600 5 601 398 

Gesamt- 

verbrauch 9 087 134 7 826 902 8 687 143 8 429 416 8 191 375 8 762 693 


Die imporUerten Menken so'P' ’ 

<■■■•■> -a. 

S'K 

Gaskoks wird nac). dicsen Laiidern unH > 
der Sdiweiz, Bulgarien etc. exjwtiert, 

■" -e«sche„ Toanen in den 

sSr .. ■ a riz . . -- 

KokMG...,U.s, . ... iUs'ot .. ;.. 4, 3^3® ■ , 

I)ic Kohlcnausfuhr Ocsterreichs km ^ 

werden, wenn nicht gerade die in Hotr H gesteigert 

.n ersttr J.l„„ '•'W l-™» 

revim an j„ KnSd„2'I^™™as il.VT'h'" 

1927. ‘-.luiticli!, in den jahren 1922 bis 
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Kohleneinfuhr Ocsterrcichs (nach einzelnen Landern und Revieren) 
in metrischen Tonnen. 


Jahr- ’ 

1922 

1923 

1924 

1925 

1926 

1927 

Tschcchoslowakische 

Rcpiihhk 

StPinkohle 

C^^traii 643 749 

492 379 

957 828 

907 183 

1014 398 

1 177 950 

sunstifje 

2 ns 500 

170 719 

187 590 

1 1 (i 400 

130 330 

136 109 

Koks 

Ostrau 

1 29 942 

273 224 

247 981 

252 687 

171 097 

241 516 

sonstif^pr 

2 1 I() 

0 299 

13 403 

2 084 

1 294 

1 342 

Braunkohio 

1 :ri7 379 

795 739 

713 944 

315 912 

293 890 

281 445 

Poh'n 

Stpinkolilo 

1 )()iti1ji owa 

40S 20S 

510 457 

269 102 

239 322 

270 55 1 

367 482 

f )sL()bcr- 
st hh'sipn 

2 28(1 5371 

2 273 589 

2 683 365 

2 443 520 

2 330 704 

2 507 303 

Bi a iiiikolili' 

( ') (')30 

23 


— 

— 

- 

Koks oslobiT 
scliU'SiscluM 

3‘l 390' 

58 082 

49 (103 

39 670 

40 088 

46 501 

Deutschland 

Steinkolilr 

Oberschlo- 

sit^che 



20 191 

14() 729 

145 IHG 

134 203 

Kiiht kolilt* 

— 

555 

1 23 026 

172 572 

216 499 

200 176 

sorisligc 

87 1 (8 

28 9 1 1 

29 399 

31 504 

7 747 

5 403 

Kokh. 

Oberschle- 

sischcr 


7 465 

28 50 1 

38 716 

44 524 

4() 4()0 

Ruhr 

1 80 090 

15 951 

10 097 

151 038 

202 847 

215 230 

sonstigcr 

18 940 

5 030 

24 243 

28 023 

28 754 

21 233 

Braunkohlr 

22 238 

4 920 

29 750 

66 447 

(>7 438 

04 484 

Saarrevter 

Sti-i ukolik* 

2 18 H(» 1 

1 84 008 

228 913 

178 670 

5 742 

35 893 

Koks 


1 923 

2 938 

743 

731 

1 054 

Holland. 

Stoinkolilo 

1 1 78() 

1 080 

2 153 

620 

393 

220 

Koks 

2 917 

182 

185 

44 

— 

— 

England 

SLpinkolilp - 

39 035 

92 091 

30 025 

14 301 

1 1 573 

1 082 

Koks 

4 170 

34 757 

1 488 

403 

103 

— 

Helgien 

Stcinliohle 

1 95 

205 

185 

448 

175 

151 

Koks 

107 

196 

— 


— 

— 

Ftankrcich 

Stpinkolilo 

700 

555 

142 

86 

— 

95 

Koks 

2 24() 

06 

304 

— 


— 

J ugoslawieyi 

Brail iikohle 

15 212 

03 53 1 

96 283 

58 940 

38 oil 

32 367 

U ngarn 

Braiinkohlc 

2 348 

797 

7 550 

04 184 

93 936 

80 930 

Koks 



- 





10 

32 

Steinkohle 

— 


— 

— 


2 382 


^Fur 1922 GesamtobiTschlesien. 
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Der prozentuale Anteil des Inlands und der wichtigsten Auslands- 
staaten an der Kohlenbelieferung Oesterreichs stellte sich in den 
letzten Jahren wie folgt: 

Anteil am Kohlenverhrauch Oesterreichs {in Prozenten). 



1922 

1923 

1924 

1925 

1926 

1927 

Inlandskohle 

36,0 .. 

. 35,8 .. 

. 33,6 .. 

. 37,5 .. 

. 37,4 .. 

- 36,1 

Polen 

T schech oslo wakische 

30,7 . 

. 36,3 - 

34,5 .. 

. 32.3 .. 

. 32,2 .. 

. 33.3 

Republik 

. 26,3 .. 

- 22,2 . 

24,4 .. 

. 18,9 

. 19,7 .. 

. 21,0 

Deutschland 

3,5 .. 

0.8 . 

3,1 .. 

7,5 .. 

8,7 .. 

8.0 


Dieser Tabelle ist zu cntnehmen, dass die Inlandskohle ihren 
Anteil nach voriibergehender Besserung knapp beibehalten konnte. 
Insbesonderc an der Steigerung des osterreichischen Kohlenver- 
brauchcs im Jahre 1927 hatte die Inlandskohle nur einen geringen 
Anteil, indem die Lieferungen der osterreichischen Kohlenwerke 
von 3,07 Millionen Tonnen auf 3,16 Millionen Tonnen anstiegen. 
Dagcgcn hat sicli infolge der erheblichen Zunahme des Verbrauches 
(der Gesamtbedarf stieg von 8,19 pro 1926 auf 8,76 Millionen 
Tonnen pro 1927) die Einfuhr fremder Kohle von 5,12 auf 5,60 
Millionen t erhoht Audi im Vorjahre bestand bei den oster- 
reichischon Gross verbrauchern im allgemeinen das Bestreben, an 
den alien Bezugsquellen iestzuhaltcn und der Uebergang von der 
Steinkohlen- ziir BraunkohU'nfeuerung inaclite nur sehr geringe 
Fortschnttc. 

Die Organisation des osterreichischen Kohlenbergbaues ist seit 
Jahren bemulit, cine Aiisdehnung des Verbrauches an Inlands- 
kohlen zu propagieren. Wenn in manclier Beziehung bereits cm 
Erfolg zu verzeiclinen ist. so bleibt wohl noch sehr viel zu tun 
ubrig. Die Wi(‘nt*r Industrie verwendet nocli immer mit Vorhebc 
auslandische Steinkolile, der Haiisbrand feuert nur in Stcierinark 
und Oberoslerreich iiberwiegend Inlandskohle, wahrend m Wien 
und Niederosterreich nacli wie vor die ostobeii^chlesische Kohle 
als Hausbrandrnarkc doniiniert. Die osterreichischen Glanzkohlen 
• haben cinen Reizwert bis zu 5 600 Kalorien, die Braunkohlen von 
4 000 bis 5 000. Der Koflacher Lignit wird seit ciniger Zeit im 
Wege des Ideissnerschen Trockenverfahrens veredelt und auch 
diese Kohle (Heizwert zirka 5 300 Kalorien) ware sehr geeignef, die 
auslandische Stem kohle zu ersetzen. Der Absatz liegt in Trocken- 
kohle auch sehr gunstig, doch bedarf es auch m diesem Belange 
noch emer intensiven Propaganda, um die Verbraucher auf 
die Vorteile dieser veredelten Kohle aufmerksam zu machen. 
Unsere Steinkohlenmarken (Lunzer Schmiedekohle und Griinbacher 
Steinkohle) haben ebenfalls standig mit Absatzschwierigkeiten zu 
% 


36 



AUSTRIA: COAL INDUSTRY 

kampfen, da am osterreichischen Markte die Rossitzer Schmiede- 
kohle vqp jeher gut eingefiihrt ist und die Griinbacher Steinkohle 
naturgemass in erster Linie gegen die polnisch-oberschlesischen 
Grossproduzenten konkurrieren muss. 

Es ist von Tnteresse festzustellen, wie sich bei den Verbraucher- 
gruppen das Verhdltnn zwischcn Inlands- iind Anslandskohle stcllt. 
Diesbeziiglich sei auf nachstehende Tabelle verwiesen, welche die 
amtlichen Daten fiir das Jahr 1926 enthall. 

Es ist schon im Interesse der osterreichischen Handehhilanz, die 
aus dem Xitel der Kolilencinfuhr stark belastet erscheint, sehr 
bedauerlich, dass die osterreichischen Verbraucher aus alter Gewohn- 
heit an den auslandischen Bezugsquellen festhalten und nach wie 
vor sehr bcdeutende Mengen von Kohle nach Oesterreich cmgefiihrt 
werden. 

Tm Jahre 1926 stelltc sich die Handehhilanz wie folgt’ 

Gesamteinfuhr Gesamtausluhr 

Wert in Schillingen 
2 S44 553 000 1 744 930 000 

Das Passim m betrug sdiin .. ... S 1099 623 000 

Die Kohlenhandelshilanz weist fur das gleiche Jahr folgende Ziffern 
auf; Einfuhrwert 205 228 000 S, Ausfuhrwert 8 332 000 S, sodass 
das Passivuin also 1 96 896 000 S betrug. Nicht viel weniger als 
ein Flinftel des Passivums der (iesamtbilanz entfallen auf die 
Kohleneinfuhr. Diese besteht noch immer zu cinem nicht genngen 
Teil aus Braitnkohle (im Jahre 1927 459 000 t), deren Import ganz 
uberflussig erscheint, da diese aus Bohmen, Jugoslawien und 
Ungam sowie auch aus Deutschland stammende Kohle ohneweiteres 
durch heimische Braun- und Glanzkohlen ersetzt werden konnte. 

Unter diesen Umstanden war es dem osterreichischen Kohlen- , 
bergbau bisher nicht moglich, seine Prodiiktion we.sentlich auszu- 
dehnen. Oesterrcichs Bergbau verfiigt liber ein Kohlenvermogen von 
zirka 700 Millionen Tonnen. Die bisherige Jahresproduktion von 
nicht viel fiber 3 Millionen Tonnen konnte schon mit den derzeitigen 
technischen Einrichtungen binnen kurzer Zeit auf mindestens 4,5 
Millionen Tonnen gebracht werden, wenn es gelange, einen ent- 
sprechenden Absatz sicherzustellen. Um es aber den grossen 
Kohlenbergbauen Steiermarks und Oberosterreichs trotz ihrer 
Entfemung von den Hanptverbranchszentren (Wien und Nieder- 
dsterreich) moglich zu machen, mit den auslandischen 
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Kohlenkonzernen erfolgreich zu konkurrieren, muss ten eben 
Tarifmassnahmen zu Hilfe kommen. 

Es muss zugegeben werden, dass die Lage des bsterreichischen 
Kohlenbergbaues auch durch das Uehlen cines Syndikatcs erschwert 
wird. Diesbezuglich wurden in den letzten Jahren zwar wiederholt 
Verhandlungen gepflogen, doch ist es bislier nicht gclungcn, die 
heimischen Kohlenproduzentcn in eincr wirtschaftlichen Organisa- 
tion zusammenzuscbliessen. Allerdings stcllen sich in diesem 
Belange bedeutende Schwierigkciten cntgegen, die auf die zer- 
streiite Lagc der Gruben und die Versdiicdcnartigkeit der gewon- 
neneii Kohlcn zuriickzufuhreii sind. 

Aus der osterroichischen Bergbaustatistik ist zii ersehen, dass sich 
die Zahl der Koblenwerke in den letzten Jahren stark verringert 
hat. Die in den Kriegsjahren in l^etrieb gesetzten (iruben sind, 
soweit sie niclil lebensfaliig waren, langst wieder stillgelegt und 
auch die Konzentration hal gewisse FortscliritLe gemacht. 

Nachstehende Taliellen gelien Aufschluss uber die Kohlenpro- 
duktion Oesterreiclis, Zrilil der Betnebe, Beiegsehaft etc 

Kohlcnproduktion Ocstcrrcichs m Tonnen in den Jahren 


A. Steinkohlc, 


11)13 

1 9 1 9 

1 920 

1921 

1922 

«7 470 

00 472 

132 864 

137 633 

165 727 

1923 

1924 

1925 

1 926 

1927 

157 050 

171 959 

145 200 . . 

157 308 

175 601 

B Hrannkohlc 

1913 

1 9 1 9 

1 920 

1921 

1 922 

2 621 277 

2 217 335 

.. 2 696 954 .. 

2 797 077 

3 1 35 902 

1923 

1924 

1925 

1926 

1927 

2 0H5 467 

2 785 810 

3 033 378 .. 

2 957 728 

3 064 068 

Ins^t'sami stellte sich die 

Kohlengewinnung (Stem - und Braunkuhle 

zusammen) in den vorgenannten Jahren wie 

folgt (in Tonnen)' 

1913 

1919 

1 920 

1921 

1922 

2 70S 747 

... 2 307 807 

. 2 829 818 ... 

2 934 710 

3 301 629 

1 923 

1924 

1925 

1 926 

1927 

2 843 117 

. 2 957 775 

.. 3 178 578 .. 

3 1 15 036 

3 239 669 

Jahr: 

Zalil der 

BeschaftiRte 


W'ert der 

Betnebe 

Steinkohlenhcr^bmt . 

Personen 

J ahrcsproduktion 

1 000 Kronen 

1913 

4 

585 


1 180 

1919 

12 

1 358 


23 833 

1920 

18 

2 077 


225 473 

1921 

24 

2 455 


1 019 891 

1922 

19 

2 322 


36 783 839 

1923 

15 

1 922 


75 634 704 
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Jahr: 

Zahl der 

Bescha.ftigte 

Wert der 

Betriebe 

Personen 

J ahresproduktion 
Schilhnge 

1924 

15 

1 838 

7 260 959 

1925 

11 

1 574 

4 997 871 

1926 

8 

1 169 

5 085 039 

Braunkohlenbergbau. 


1 000 Kronen 

1913 

40 

12 147 

23 473 

1919 

56 

16 498 

265 846 

1920 

78 

18 507 

1 545 918 

1921 

81 

20 888 

5 990 138 

1922 

76 

21 103 

418 520 355 

1923 

77 

18 634 

650 715 475 
Schilhnge 

1924 

77 

16 692 

58 242 076 

1925 

67 

14 968 

60 986 467 

1926 

52 

14 153 

57 463 688 


Die osterreichische Kohlenproduktion ist in der Hauptsache auf 
wenige grossere Unternehmungen beschrankt. In Steicrmark — 
wie uberhaupt in Oesterreich — ist die Oesterreichisch-Alpine Mon- 
tangesellschaft Hauptproduzentin. Diese GcseUschaft hat vor 
kurzem auch die Aktienmehrheit dcr Graz-Koflacher Eiscnbahn- 
und Bergbau-Gescllschaft ubernommen, wodurch ihre Produktion 
noch um mehr als 30 000 t monatlich gestiegen ist. Auch die 
Graz-Koflacher Gesellschaft betreibt in Steiermark Braunkohlen- 
gruben. In Oberosterreich liegt die Produktion des dortigen sehr 
ausgedehnten Lignit-Vorkommens am Hausruck bei der Wolfscgg- 
Traunthaler Kohlenwerks-A.G. In Nicderostcrreich ist die Griin- 
bacher Steinkohlenwerke A.G. die grosste Kohlenproduzentin, die 
bei Grunbach am Schneeberg das einzige grossere Sleinkohlen- 
vorkommen Oesterreichs abbaut. Die sonstigen Steinkohlen- 
vorkommen Niederosterreichs (die anderen Bundeslander haben 
keine Steinkohlenvorkommen aufzuweisen) sind kleinere Schmiede- 
kohlenvorkommen in der Lunzer Gegend. Im Burgenlande besteht 
die Braunkohlenbergbau-Gewerkschaft Zillingdorf, welche einen 
kleinen Bergbau auf Lignit in Niederosterreich und anschhessend 
die ergiebigen Tagbaue bei Nepfeld im Burgenlande betreibt. Die 
Kuxe dieser Gewerkschaft sind restlos im Besitz der Gemeinde Wien, 
welche die gefbrderte Kohle ausschliesslich in der nahegelegenen 
Kraftzentrale in Ebenfurth in elektrische Energie umwandelt, 
die nach Wien weitergeleitet wird. Zirka ein Drittel des in Wien 
verbr auch ten Stomes wird mit Zillingdorf er Kohle erzeugt. 

Beziiglich der Kohlenhcrghaiiunternehmungen Oesicrrcichs sei auf 
nachstehende Zusammenstellung verwiesen, welche alle Bergbauc 
umfasst, die in Betrieb stehen, und auch deren Produktion fiir 
das Jahr 1927 wiedergibt: 
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Kohlenproduktion der osterreichischen Bergbaue im Jahre 1927 
(in TonnAi): 

A. Steinkohle 

Revier Wiener Neustadt (Nieder6sterreich)- Produktion. 

Gruiibacher Steinkohlcnwerke A.G in Grunbach am Sclmecberg 167 317 

Revier St. Pdlten (Niederosterreich) 

Schrambachcr Steinkohlen-Gewerkschaft in Freiland (Nieder- 

dsterreich) ... ... ... 1 778 

Ybbstalcr Steinkohlcnwerke do Majo Ges m b H in Wien (Berg- 
baue Gaming und Lunz) . . . ... 6 301 

t^brige Bergbaue .... .... 205 

B Braunkohle 
Revier St PoUen ■ 

Statzendorfer Kohlcnwerk “Zicglerschachte" A.G. in Wien 

(Hergbau Slat/.endorf) . . . .. . . . 90 380 

Berndorfer ^Nlctallwarenfabrik Artur Krupp AG in Berndorf 

(Niederosterreich), JJergbau Grillenberg ... ... 42 757 

Revier Wiener Neustadt 

Hai Ler Nohlciiwerke A G in Wien (Bergbau Hart bei Gloggnitz) 55 555 
Revier Weh (OberosLerreich) 

Wolfsegg-Traimthaler Kohlcnwcrks-A G in Linz a 1) (Bergbaue 

Wollsegg und Thomasroith) . . . ... 528 712 

Elektnzitatswerke Stern ii Haffcrl A G in Gmunden (Obero.ster- 

reich), Bergbau Feitzmg .... .5 004 

Gbrige Bergbaue .... .3 543 

Revier Lenben (Stcicrmark) 

Oeslerreichisch-.\lpine Moiitan-Gesellschafl in Wien (Glanzkoh- 

lenbergbaii Seegraben) ... .. . 314 497 

Oesterreichiach- Alpine Montangesclkschaft (Glan/kohlenbcrgbaii 

Fohnsdorf) . 427 084 

Goriacher Kohlenwerk der Gebr. Bohler & Co A G in Wien 

(Bergbau (ionach) . . 52 757 

Steirische Kolilenbergwerk.s A G in Wien (Bergbau Parschliig) 34 773 
flbrige Bergbaue . . . . . . 40 

Revier Giaz (Steiermark) 

Oesterrcichi.scli- Alpine Montangesellschaft (Jagiiitbergbau 

Koflach) ... . .. . 200 311 

Graz-Kollacher Eisenbahn- und Bergbaii-Gesellschaft in Graz 

(Bergbau Zangtal) ... .... 56 668 

Graz-Kdftacher Eisenbahn- und Bergbaii-Gesellschaft (Bergbau 

Oberdorf) .... . . ... 29 246 

Graz-Koflacher Eisenbahn- und Bergbau-Gesellschaft (Glanz- 

kohlenbergbaue Kalkgrub-Steyeregg) 70 017 

Graz-Koflacher Eisenbahn- und Bergbau-Gesellschaft (Berg- 
bau Rosental) .. 177912 

Graz-Koflacher Eisenbahn- und Bergbau-Gesellschaft (Lignit- 

bergbau Koflach) . ... .. ... .. 559 

Steinsche Montanwerke von Franz Mayr-Mclnhof in Lcoben 

(Steiermark), Bergbaue I’iberstein-Lankowitz. . 188 331 

Steirische Kohlenbergwerks-A G. in Wicn (Bergbau Marien- 

schacht) . . ... ... ... .. ... . . 52 085 

Bergbau Fiber III, Felix Holzner in Graz... ... ... 21 450 

Bergbau Friedhofspfeiler der Stadtgemeinde Voitsberg (Steier- 
mark) ... ... ... . . ... 8 749 

Bergbau Gaiseregg der Briider Schelch in Gaiseregg ... ... 9 384 

Ilzer Kohlenwerke Lenz & Co in Ilz (Steiermark) ... ... 4 253 

Feistritztaler Bergbau- und Industrie A.G. in Ratten (Oststeicr- 

mark), Bergbau St. Kathrem am Hauenstein... ... ... 47 072 

tJbnge Bergbaue ... ... ... ... ... % 5013 
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Reviey Klaf>eyifuft (Karntcn) Produktion. 

(Irrdcn Henckel-Donnersmarck in St Stefan iin Lavanttale 

(Jvdrnlen), Perfjbau St Stefan n 99 530 

Kolilcnwcrk Sminborg tier Oesterrcichisch-AiiuTikanisc hen Ma^- 
lU'Sit A fi in Radenlliein (Ivarnten) . . 17 420 

I'bni'o JhTRbane ... 2 825 

Rivicr Hitll (Tirol) 

ihindesinontanverwaltunK IvirclibKlil (Kohlenber^ban Harmtj) 35 550 
Revu'y H'lcnci Neiii,tadt {BurgenlAndischer Bergbau) 

Brannl*olilL*nbergbnn-( iCAverksrhaft Zilhngdorf in Wien 4()1 515 

S( lilainingiT Pergbau A Ci in Bad Tatznianiisdorl (Ihirgcnland), 

JhTgb.ni Tanclien ... . . . . . 21 076 


W’eiin (!s dcin ustcrreichisdicn KnhlcnbcTgba.u bbsher niclit moglich 
Will . sieli eint‘11 grossoren Antidl am (^‘samtverbrauclu' sichcrzu- 
stcllcn, sn liegt di(‘.s cimTseits 111 dem rnchlichcn Angebol an Aiis- 
landskohlen am Dstern’icliisclien Markte, bcziehiingswcisc den sehr 
nicdrigen I’roisen der machtigen Auslandskonkurrcnz, anderseits 
aber- wie bercits erwalint an dern Konservalismus der \^erbrauclicr, 
die im grossen ganzen bei ihren frtiheren Bczugb(|uellen verhlieben 
sind, ohne zu beachten, dass sic dadurch die dsterreicliisclie Wirt- 
sdiaft .sehr sdiadigen. E.s .smd zwar in dieser Kiditnng bereit.s 
an.sdinlidie IdloJge erzielt worden, so dass cs immerhin sdion 
moglidi war, die T'ordcning der Kohlenbergbaue uber das ^^or- 
knegsmveaii aiiszudclinen Dieser Erfolg konnte aber zweifeJlos 
ein tael grosserer sein, wenn es gekinge, die \’eTbrancher dat'on zu 
ub(*rzeiigen, dass niit Braiinkohle ebeiiso lationcdl geheizt werden 
kann wie mit hodiwertiger Steinkohle, wie ]a die Beispiele in den 
Braiinkohlcnlandern zur Genuge beweisen. Ltidei konnten sich 
trolz aller Vorstelliingcn aiidi die nia.s.sgebenden Kieisc bisher 
nidit entsdilie.ssen, irgcnd weldic Schul'.massnahmcn zu Giinsten 
des lieirnisdien Kohlenbergbaiics durdiziifiihren Wahrend Jugo- 
slawien einen hohen Kohlenznll eingefiihrt hat und uberdies die 
eigenen Produzenten (ebenso wie Ungarii) daduidi fordert, das.s 
die Bahncn sehr niednge E.\porttaTife (bei sehr hohen Tmjiort- 
frachten) gewahren und in anderen Staalcn sogar Kohlencin- 
fulirt’erbote nadi wie vor bestchen und strenge gchandliaht M erden, 
steht es in Oesterreidi jedermann frei, Kolile in beliehigen Mengen 
einzufuhren. Dies gcht sogar soweit, dass selbst zahlreidie siaai- 
Uchc Anstalten Jiisher nicht dazu gebradit werden konnten, Inlands- 
kohle zu verwenden, obglcich dies insbesondere anlasslich der 
Neuerrichtung oder des I'mbaues von Feuerungsanlagen sicher 
moglich gewe.sen ware. Man beruft sich namentlich in den Ver- 
braucherkreisen in Bezug auf die Raiimheizung auf die nicht 
bestreitbare Tatsache, dass die Steinkohlenheizung in mancher 
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Beziehung bequemer sei, class sich die unmodcrnen Oefen nicht 
recht J-lraunkohlenfeucrung eignen etc. Bei gutem Willen und 
entsprcclicnden Ocfcn und b'eueriingsanlagen ist die bsterreichische 
Braiinkohle auch ohnewc^iteres zur Raumbeheizung gut vcrwendbar, 
wie ]a das Bcispiel Stcicrmarks und ObcTostcrreichs zeigt. 

Eiiie wesentliche Ausdcbnung dcr ostcrreicliischcn Kohlcnproduk- 
tion wird aber erst moglicb sein, wenn sicb auch in Oesterreich die 
iLrkenntnis allgeiuein durcbgesetzt bat, dass ein Land in crstcr 
Linic d 1 e Kolile verwenden muss, die es besitzt. Da die oster- 
rcichisclie Braiinkoble ciualitativ weit besser ist als die deutschen 
liraunkolilen, deren Produktion in den letzten jabrcn cine enorme 
Lrvveitcrung erfabrcn liat, und aiisserdem die Vcrbraucher in 
( )est(‘rreicb (inlolgc der \’crschiedenartigkcit der Vorkommcn) 
fast iede Kohle erliallcn konncn. die sie fiir ibre Zvvccke benc)tigen, 
su isl wohl dit' lioftnung berecbtigt, dass m den naebsten Jahren 
der Al)^.itz osterreicliiscber Koblen einc weitere Ausdcbnung 
ei fabu‘n vvird. Dies w.ire .iiicb iin liiteresse der Allgemeinbeit sehr 
zu wunsclien, denn das kleine und arme Oesterreich kann sich wohl 
dauernd niebt den I ii\iis gestatteii, fiir jede Art von Verwendungs- 
zweeken "Salonkoblen’' zu importieren. 

BlilLJOGli.Vl’HV 

M itlcilungcn ithet dot ui>tcn Ih'n^bim, Vcrlassl iin 1 UinchsiiiiiijsUM iiiin liir 
Il.imU'i unci V(Tkc*lir, hor.iiisj^egcbcMi vom Vcii‘iti dor 1 Jor}'\vcrKsl)osjizor 
OcistorroK lis VliLij; lur 1' .udiliter.ilur, Wk'Ii 

Dir Minoalliohli'ii Oislnji ichs, IJor^nn.innsla^' 1003. Wien (Verkiy dcs 
Voreiiis del IJorj^werksbesit/.or ( leslerien lis) 

)ir Rundschau, Zeilstlirill bn Herj,'- und lliiitejnv(‘seu (\ orlag 
fill l acJililei.itur, Wien) 

Tui^luhc M ontanhi'm hlc, (X’orlag lur J-ac libtenit iir, Wjon) 

Stutistifi des aii^ivarhf^eu Handch Oesterru Ub. Tleraus^egeben vnm Burides- 
imnisterjum f Handel u Verkehr. 

Die Kvhlen, branz bchwackhofer, 1027, von Hr Clubs u Jb Kluger, Verlag 
Gerold u Co., Wien. 

KI'CSUML 

(sriiCIAT LV PKKl'AREn) 

Austria to-day pobbcsses comparalivcly few of tlic coallicld.s which prcvioubly 
belonged to the Austrian Pmpire, and as the lionie produclion is quite inade- 
quate and consists principally of brown coal, largo quantities of hard coal are 
imported Special coals, .such as gas coal, arc not found in Austna, and 
neither blast furnace coke nor briquettes are iiianufactured at the present 
time. 

The Austrian market is supplied by most of the larger loreign coalfields 
Upper Silesian coal, principally used for household purposes, represents the 
bulk of imported coal. Czeclioslovakia and Germany follow as the next 
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Jargest suppliers, while smaller quantities of hard and brown coal are imported 
from the Saar fields, Holland, England, Hungary and Jugoslavia. 

The amounts of Austrian and imported coal consumed during the last six 
years can be gathered from the detailed figures given. 

Coal exports are quite unimportant at present Viennese gas coke is ex- 
])ortecl to Hungary, Jugoslavia, Germany, and, in a lesser degree, to Italy, 
Switzerland, and Bulgaria 

Exports could be considerably increased if those neighbouring countries 
who produce little or no coal themselves would abolish import duties on coal. 
Styrian brown coal would be primarily considered for the export trade. 

«r,. ^jnnntities of various sorts of coal placed on the 

Austrian market by foreign coalfields 

Large consumers tend to cling to their old suppliers, and small progress is 
made in the conversion from hard to brown coal burning 
Viennese industrial consumers still jircfer foreign hard lOcd, and, with the 
exception ol btyria and Ljiper Austria, Silesian coal dominates the household 
market 

The calorific value oJ Austrian bright coal is up to 5,000 cal , that ol brown 
coal 4,000 to .5,000 cal . Kofiacher lignites have for .some time been improved 
by the i'leissner drying process I Jiis coal, ot about 5,300 cal , is a very 
good substitute for foreign hard coal In this instance, as well, intensive 
propaganda is required to create a demand Difliculties are also experienced 
in marketing Lunzer furnace coal and (irunbacher hard coal, as the Austrian 
market has always been held securely by the Rossitzer furnace coal, and the 
Gninbacher hard coal must complete with the large J'ohsh- Upper Silesian 
concerns 

I'he official figures for 1920 give details ol Austrian and foreign coals con- 
sumed by various industrial consumers 
Coal imports lor 1920 exceeded exports to the value ol 1 90, H90, ()()() Austrian 
shillings, or nearly one-fifth of the adverse balance ol all imports and exports 
for the year Brown coal still figures prominent Iv in imports, though the 
Austrian could easily replace the foreign coal 

The Austrian mining industry contr(»ls coalfields of about 700 million metric 
tons. The present output of 3,000,000 metric tons a yeai could be increased 
without difficulty to from 4 to 5 million mefiic tons if a stable demand were 
forthcoming 

iTotcction will be necessary to enable remotely situated mines in Styria 
and Upper Austria to compete with the foreign concerns. 

•^ITom the tabulated details of Austria’s coal production, the mines in opera- 
tion, labour employed, and the value of the output for 1913, and 1917-1927, 
it will be seen that the industry is principally in the hands of a few large 
concerns, such as (irunbacher Stcinkohlenwerke AG m Lower Austria; 
W’olfsegg-Traunthaler Kohlenw^erke A.(» in Upper Austria, Oesterreichisch- 
Alpine Montangcsejlschaft and the Graz-Koflacher Eisenbahn und Bergbau 
Gescllschalt, both in Styria; Steirische Montanwerke von Er Mayr-Mclnhof, 
in Styria, Braunkohlenbergbau-Gewerkschaft m Zillingdorf 
’fhe absence of a syndicate increases the difficulties of the situation. Con- 
tinued attempts to form a combine have been made during the last few years, 
but the scattered position of the mines and dissimilarity of the coal produced 
are the main reasons for the failure of these altempls. 
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From the facts enumerated above, it will be seen that the principal factors 
responsible for keeping Austrian coal out of the home market are the large 
quantities of cheap foreign coal imported and the conservative attitude 
adopted by the consumers, who cling to their former suppliers with no regard 
to the detrimental economic effect on the home industry. Some success in 
tins direction must be admitted, but this could be considerably increased il 
consumers could be persuaded that brown coal will burn as economically as 
hard coal 

Unfortunately, no move has been made ;ls yet in oliicial circles to mtroduce 
some protection for the coal industry Jugoslavia, lor instcince, not only 
levies a high import duty on coal, but assists the home industry further by 
low export and high import freight charges. Even Austrian Uovernment 
departments have not so far been persuaded to patronise the home industry 

Consumers argue that tlie old type stoves are not suitable for use with brown 
I oal But with a little goodwill and the modification of stoves, Austrian 
brown coal is quite an efhcient fuel, as the example set by Sty^ia and Upiicr 
Austria proves 

A noticeable improvement in Austrian coal production will only become a 
])OSSibilitv when it is generallv realised that a country must first and foremost 
make use o( tlu* coal it possc‘sses, and as the quality of Austrian brown coal is 
stated to be siqnTior to that of the (lerman brown coal, a better and increasing 
demand for home produced coal is hoped for in the next few years. 
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VORSCHLAG ZUR BRENNSTOFFTEC HNISCHEN 
KENNZEK'HNUNG DER KOHLEN 


(PKOPOSALS l OK ThC'IINK AL DKSIGNATIONS OF COAL 
( HAKA( TERISTICS) 

GESELLSC HAM FUR WARMEWIRTSCHAFT, WIEN 

Paper No A A 

t ONTENTS 

IFCIINICAL DESIGNAIIONS IN USE -THEIR DEFICIENCIES— PROPOSED 
COAL SURVEY RI' CORDS -EXAMPLES OF TflEIR APPLICATION IN 

AUSTRIA 

RESUME 

In der indastnellen Praxis komint dor Kohlcnverbraucher hautig 
in die T.age, sich uber die Eigenscliaftcn bestimmler Kohlcn vor 
ihrer laboratoriiimsmassigen Untcrsuchung bezw betncbsinassigen 
Erprobung in breiinstofftechnischor Ilinsicht eine Vorstellung 
inachen zu sollcn Da die vom Kohlenlicferantcn allcnfalls mit- 
gctGilt(‘n Angabcn (Heizwertziffern, Analvsendaten) in der Regcl 
keinen iiilegnerendon l-»cstandteil des Kohlenangebotcs bezw 
Lieferungsiibereinkommens bilden, so ist der Vcrbrauchcr meist 
* bestrebt, aiicli aiis anderen Quelleii Untersuchungsdalen uber die 
fraglichcn Kohlcn zii erhaltcn, welchc ilim Anhaltspunkte in der 
gcnannlcn Hinsicht bieten sollen. 

Nicht selten ist der Kohlenvcrbraucher hiebci geneigt, in der ihm 
gebotenen Heizwertzider einen absoluten Masstab fur den Wert 
der betreffeiidcn Kohle zu crblicken, ohne zu beachten, dass die 
Verwendbarkeit der Kohlcn auch von anderen Eigenschafteii beein- 
flusst wird, dass aber namcntlich der Heizwert von Kohle Schwan- 
kungen uiiterliegt, welchc von mannigfachen Verhaltnissen abhangen. 
Eben diese Schwankungen sind es jcdoch, welchc der Orientierung 
an Hand willkurlich herangezogener Daten nur einen sehr zwei- 
felhaften Wert zukommen lassen bezw eine tatsachliche Orientie- 
rung, welche letzten Endes die Durchschnittseigenschaften der 
Kohle erfassen soli, sehr crschweren. 
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Es ist daher der Gedankc naheliegend, cine Datcnsammlung fiir 
Orienticrungszwecke, einen "Kohlcnkataster," zu schalfcn, vvelcher 
dem Vefbraucher Aufschluss iiber die Durchschnittscigenschaften 
der cinzelncn Kohlen geben soil. Aber auch solrhen Bcstrebungen 
stelleri sich bei naherer Bctrachtung Schwiengkeiten entgcgcn, da 
die Durchschnittseigenschaften der cinzelncn Kohlenvorkommen 
in unbcdingt cxakter Weise nicht erfassbar sind Der dadurch 
bcdingte Vcrzicht auf cxaktc Durchschnitlswcrtc .schliesst jedoch 
die Ermittlung von Nahcrungswerten iiicht aus, welchc als A>ihalts- 
werte in der Praxis gute Dienstc Icisten kbnnen. 

Von dieser Erwagung gcleitct, liat cs die Gcsellschaft fur Warmc- 
wirtsrhaft iinternommcn, zur Aufstellung cinos “Kolilenkataster’ 
erne Sammlung von Oriciitierungsdafen fiir die Kohlen dcs bster- 
reichischen Marktes cin/ulciten, welchc sich zunachst auf die 
wichtigsteyi Kohlnivorhommen in Ocstcrrcich bezieht Iliebci waren 
folgendc Gesichtspunkte massgcficnd 
Die Analy.senwcrto von Kohlen schwanken, vornehmhch bccin- 
flusst (lurch den jewciligen Asche- und Wassergehalt, um Mittel- 
werlc Die Analyse t'iner I'inzelntui Probc^ kann im allgemcinen 
nur cm Zufallsergebnis liefern, welches Ixaspiclswcise fur den Tag 
der Probenahme Gcltung haben kann. Dcrartige Analysenwerte 
stcllcn jedenfalls keinen DurchschnitL dar und konnen daher nur 
in beschranktein Ausmassc zur Charakleristik dcs Kohlenvor- 
komm(.ns dienen Dagogen ist bekannt, dass die chcmi^chc Zitsam- 
mensL’tzung der Rcinkohlc (asclien- und wasserfrcie Kohlc, bicmiibarc 
Substanz) iind thr Hcizwert in Bezug auf den Durchschnitt des 
Fluzquerschnittes fast miverdndcrhch sind. 

Fur die Ermittlung der Anhaltswcrle des “Kohlcnkatasters" 
wiirde daher durch folgcndes Verfahren einc Annaherung an Durch- 
schniltsverhaltnisse angestrebt. 

Es wurdc cine moglichst grossc Zahl von Analysen- und Heizwert- 
daten ciner Kohle (Grubc) sowohl durch Werksangaben als auclj 
aus der Litcratur gesammelt, aus diesen Analyscnwerten die Zu- 
sammensetzung der Rcinkohle bcrechnet und mit Hilfc des in diesen 
Analysen angegebenen Heizwerten der Rcinkohlenheizwerl ermittelt. 

Hiefiir bestehen folgendc Bcziehimgen- 


H 


u 


100 - a 

Too 




( 1 ) 


•Die VerdampfunRswarme des Wa.ssers wurde mit 640 kcal in den Berech- 
nungen eingesetzt. Die sich daraus ergebenden Abwcichungen gegeniiber der 
meist ublichen Verwendung des Wertes von 600 sind geringfiigig 
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und daher 


Hur = {H. + X 


100— fl— Z£/ 


femer gilt bezgl. der chemischen Zusammensetzung der Reinkohle: 

Kohlenstoff f, = C 

100 — fl — w 

Wasserstotf //j = H 

lOO — a —w 


ll.S.W. 

Hiebei bedcutct. 

= untercr Hcizwert der Reinkohle. 

— untercr Hcizwert der Rohkohle. 
a — Aschcgchalt in % der Rohkohle. 

w — VVassergchalt in % der Rohkohle 

Cj = Kohlenstotfgehalt in der Reinkohle. 

//j = Wasscrstotfgehalt in % dcr Reinkohle. 

C = Kohli'iistoffgehalt in dcr Rohkohle. 

H = Wasserstotfgehalt in der Rohkohle 
Nach l^eredinung der Zu.sainmensetzung und des Hcizwertes der 
Reinkohle au.s joder einzelnen Analyse, wurden die offensichtlich 
zu hohen oder zu tie fen Werte (dicjenigcn, welche um mehr als 200 
kcal/kg beziiglich des Remkohlenheizwcrtes voncinander abwichen) 
ausgeschieden und aus d(*n restlichen Werten, welche inncrhalb des 
genannten Streuungsbereiches lagen, das arithmetische Mittel 
gezogen. Von den so erhaltenen Werten ist wohl mit Recht an- 
zunehmen, dass sie den idealen Durchschnitten der Rcinkohlcnheiz- 
werte naliekommen, jedenfalls aber als crnslc Anhaltswerte hiefur 
gclten kbnnen. Bezuglich dcr chemischen Zusammensetzung dcr 
Reinkohle wiirde grundsatzlich der gleichc Vorgang eingehalten; 
die geringfiigigcn Differenzen, um welche die Summon der Perzent- 
ziffern jeweils von 100 abwichen, wurden durch Ab- bezw. Aufrun- 
dung ausgeglichcn. Die so gefundene Zusammensetzung dcr Rein- 
kohle wurde fiir die betreffende Kohle als charaktenslisch ange- 
nommen. Der (yehalt der Reinkohle an fliichtigcn Bestandteilen 
wurde auf Grund vorhandener Analysendaten in gleichcr Weise 
ermittelt. (Bei der bisher durchgefuhrten Datensammlung musste 
ein Teil dieser Werte mangels geniigender Unterlagcn geschatzt 
werden.) 

*Die Verdampfungswarme des Wassers wurde mit 640 kcal in den Berech- 
nungen eingesetzt. Die sich daraus ergebenden Abjveich ungen gegenuber der 
meist iiblichen Verwendung des Wertes von 600 sind geringfugig 
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Auf Griind der vorliegenden Analysen der einzelnen Kornklassen 
(Sortierupgen) wurde deren wahrscheinlichster Wasser- und Asche- 
gehalt als arithmetisches Mittel crrechnet, (wiecler unter Ausschal- 
tung aller jencr Werte, welchc zu weit vom Haufigkcitsmaximuin 
entfernt lagen) bezw. geschatzt. Diese Wasser- und Aschegchalts- 
ziffern wurden fiir die betreffende Kornklasse als kennzeichnend 
angenommen. Die chcmischc Zusammensetzung der Rohkohle in 
Bezug auf die einzelnen Kornklassen wurde mit Hilfe der friiher 
angefuhrten (ileich ungen ruckgerechnet, woraus sieli die Zahleiiwerte 
ergaben, wclche zur Aufstellung der Rohkohleiidaten des "Kohlen- 
katasters" beniitzt wurden. Die errechneten Zahleiiwerte wurden 
auf die erstc Dezimale gckurzt, von der Ueberlegung ausgehend, 
dass Schwankungen im Asche- und Wassergehalt von rnehreren 
Prozenten, je nacli den jew'eiligcn Grubcn\'erhaltnissen mdglich 
sind, weshalb einc grosscre Genauigkeit dcr Zalilenangaben irre- 
fuhrend ware Die Heizwcrlziffcrn wurden iin gleichen Zusam- 
menhangc auf 10 ab- bezw. aufgerundet. 

Alle crmittellen Rohkohlcnzahlenwcrtc beziehcn sich auf die Breim- 
stoffe an der Grube; diescr Hinweis isl namentlich bei l-irennstoffen 
mit libheiem Wassergehalt wichtig, da beim Transport cine Abtrock- 
nung eintritt Er ist insbcsondcre dann zu beach ten, wenn ver- 
schiedene Kohlen mit starken Abweichungen des Wasscrgehaltes 
verglichen werden sollen. 

Bezughch des ‘Tvataster"- Kopfes wild bemerkt, dass seme bishe- 
rige Ausgestaltung nicht iiur von Zwcckmassigkcitserwagungcn 
sondern auch von der tatsachlichen Verfiigbarkeit einzelner Daten- 
kategorien massgeliend beeinflusst wurde. Beziiglich der Roh- 
kohlcndaten ist hervorzuheben, dass ihnen ein wc.sentlich unverbind- 
licherer Charakter zukomint als den Reinkohlendaten. Der Wort- 

laut des Katasterkopfes: “Einem Gehalt an W^asser ( ) und 

Asche ( ) cntsprechen in der Rohkohle ( )” soil diesem 

Umstand Rechnung tragen. 

Der bishcr entworfene "Kohlenkataster" erstreckt sich vorlaufig 
iiber fast alle osterreichischen Kohlenbergbaue, welche im Jahr 
1926 mehr als 5000 Tonnen Jahresfdrderung aufwiesen. Eine 
gleichartigc Bearbeitung der fiir den osterreichischen Markt wich- 
tigen Auslandskohlcn ist anschliessend in Aussicht genommen. 
Eine Aufgabe der weiteren Bearbeitung des “Kohlenkatasters” soil 
ferner darin bestehen, durch fortlaufendc Sammlung von Kohlen- 
daten allfallige wesentliche zeitliche Veranderungen in den Eigen- 
schaften der einzelnen Kohlen vorkommen, Veranderungen der 
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Sortierungcn, u.s w. zu erfassen. Auch bei restloser Erreichung 
dieses Zielcs soli dcr "Kohlcnkatastcr" jedoch stets den Charakter 
eines Oricntieningsbehelfcs wahrcn, dcr die fiir vide praktische 
Zweeke erfordeiiiche Kohlenuntersuchung an Hand bcstimmter 
Proben, bezw. die praktisdie Erprobuiig einer Kohle iin Betrieb 
nicht ersetzen kiuin. 

Das Verlangen fortschrittlich eingestellter Kohlenintercssenten 
nach sokhcTi Onentierungsdaten wird namenllidi dcTjeiiige begreif- 
lich finden, dem bekannt ist , wie b'au% Jjc v’oracbieclcnsten V'erbffent- 
lirJ^wiigen liber Heizwortuntersuchungen (Samniellienclite von 
Laboraloneii, Biu he r ubt'r Kolileiikiinde, einsddagige Aiifsatze 
in Zeit^dinflen iisw), wddie nur die k>gebnisse der Uiiter- 
siidjung eiiizeliK*! Proben, d.b. gunstige odea ungiinstige Zufalls- 
werl(‘ enthalten, walil- iind bedc'iikenlos ziir Kohlenbeiirtciliing 
verwi'iidet werden iind wddie I 'nziikomnilichkiMLcn sich daraus 
ergeben konnen. 

Der besondere Charakler der auf die beseliriebt'iie Wcise ermitldteii 
Oneiilioriingsdali'n lasst es jedodi noLwendig ersdicine.n, bei ver- 
gloidisweiser Ik'urleiliing ludirerer Kolilenarteii auf ausschliessliche 
Verwendung solrlier OrieiUierungsdaton bedadil zii scin, jedenfalls 
aber die einseitige lleranziehiing anderer, indit gleidiwertig deli- 
nieiter Kolilendat(‘n sorglaltig zu vennciden, um Trugschlusscn 
vorzubeugen 

Diesci Umsland l.ivst es der (jcsdlschafl fur Warmewirtsdiaft als 
angezeigt ersdicinen, von den nach deni besdiriebcncn Vertahren 
crinittdten Daten iiber die wichtigsten osterreichischen Kohlcn 
vorlaiifig nur Kinzelbeispide* anzufulireii iind die Verdffentlichung 
des Gesamtmaterials erst zu einem spiiteren Zeilpunkte ins Auge 
zu fassen, wobei angenommen wird, dass inzwischen die Aufstellung 
von Kohlenkatastern auch in anderen Landern verwirklicht wird 

Die Anregung der Gesdlschaft fur Warmewirtschaft an die Fuel 
Conference gdit dahin, die Nationalkomitees cinzuladen, auch in 
ihren Landern die Einlcitung gleichgerichtetcr Arbeitcn zu erwiigen. 
Die Gesellschaft fiir Warmewirtschaft stellt insbesondere das 
Verfahren, welches zur Ermittlung von brennstofftechnischen 
Orientierungsdaten uber Kohlcn verwendet werden soli, zur Dis- 
kussion und wurde es Icbhaft begriissen, wenn ihr Vorschlag zu 
einer internationalcn Bearbeitung dieses Gegenstandes und zur 
Festlegung einer einheitlichcn Methode der “Kohlenkataster”- 
Aufstellung fiihren wurde. 
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lABELLENBEISI IKL AUS DEM BISHER BEARBEITETEN KOHLENK AT ASTER 
Cl) KOHLE VON KOFLACH (Karlsschacht, GruVjenfeuchte Kohle) 
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5080 

4740 

39,7 

Nuss 

15/35 

15 0 

12,0 

50.(1 1 

3,4 1 

18,3 

0,2 

4430 

4610 

38,5 

GrobRru s 

10/15 

14,0 

14,7 

49,4 , 

3,4 

17,8 

0.2 1 

4820 

4510 

37,7 

I'cinprics 

4/10 

I 1,5 

18,0 

47.5 1 

3.7 1 

17,1 

0.2 1 

1720 

4420 

:36,2 

Staub 

u/l 

12,0 

23,0 

45.0 

3,3 1 

16,3 

0,2 1 

4400 

4 120 

34,4 
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In many instances it is necessary for industrial consumers to form an opinion 
of the quality and nature of certain coals, before they can be fully tested by 
them The suppliers’ information is not always satisfactory and confirmatory 
data is looked for in other directions The consumer tends to regard the 
information on the calorific value obtained in this way, as a positive guide to 
the coal value, whereas the calorific value is governed by varying conditions 
and fluctuates considerably Suggestions have been made for the preparation 
of reference tables, giv^g an average of all data available for the various 
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coals on the market. The "Society for Fuel Economy," Vienna, is engaged 
in the pr^aration of such averages; at present only the larger Austrian 
mines have been considered, but reference tables for the foreign coals on the 
Austnan market will eventually be prepared. 

It IS generally known that the chemical composition and the calorific value 
of pure coal (ash and moisture free), remains almost constant throughout the 
section of a seam To obtain these reference values, as many reports as 
possible on the calorific value and analysis of the coal from a particular mine 
were collected; the composition and calorific value of the pure coal was then 
detcTinincd for each report After eliminating those values, obviously too 
high or too low, the average figures were obtained All d.ata referring to 
ordinary coal were calculated under pit-head conditions, as during transit 
a certain amount of evaporation takes place It is intended to keep the 
reference tables up-to-date, by continual revisions, when more data is avail- 
able, and when changes in the peculiarities of any particular coal or alteration 
<)f sorting methods take place It is claimed that these refeience figures 
Hjiproach as near as possible the ideal average of pure coal values. At the 
same time, they are only a guide and cannot take the place of chemical analysis 
or practical tests 

The "Society lor l uel Economy," in submitting these proposals to the 
World Power Conference, recommends the introduction of similar methods 
in other countries, and would regard an international agreenu iit and ailoption 
of standard methods with favour. 


53 



A STUDY OF POST-CARBONIFEROUS COALS 


S('Il'\Tiri( AM) INDUSTRIAL RESEARCH C'OIJNCTL OF ALHFiRTA 


DR. ED(;AR STANSEIELD 


Paper No. /IS 

CONTJ'Nl S 

RF.SER^’^S AND PRODUCTJUN — CT. \SS1 FICy\TI()N ()1< POST-C VR- 
HOMFEROl^S COALS — INFLUJ'NC'F OI- (. FOLO( . K' \I. AC.ENCIES *- 
PR0(;KI'SS1VE MET.VMORPIIISM — TIII- analysis of IIKDl-MOISI hri-: 
COALS- CD'NJ'KXL CLASSIFICATION Ol- ( O \LS — UlILlSVnON — RESUME 

Tlic eailicr known and nioie important coalfields ol Eiiro))c‘, and 
oi eastern Noiili America, are of Carboniierous age. It is quite 
natural, therefore, that early work was almost entiridy confined 
to such coal, and methods ol analysis and system^ ol das'^ilication 
were adaihed to this coal E\en now, com])arativelv little study 
has been made of Post -Carboniferous coals This neglect is 
certainly not justified in \iew of the c'xtent of the world's reserv^es 
of the latter, and is only jiartly justified ])y tlu' comparatively small 
annual production of such coals. 

Resjlrves and Production 

Apjiroximately 6S per cent, of all the estimated coal reserves in the 
United States are Post-Carboniferous, if it is assumed that the 
lignite deposits of Texas and Arkansas and all coal de])osits west of 
the 100th meridian belong to that age.^ In Canada, only the 
deposits of Nova Scotia, New Hrunswick and the Arctic Islands are 
Carboniferous, and over 08 jut cent, of all the estimated coal re- 
serves are Post -Carboniferous.^ The coal of iMexiro is also Post- 
Carbnniferou^. According to the International Geological Congress 
(1913) the United States and Canada jui.ssess nearly 52 per cent, 
and nearly 17 jut cent., respectively, of the total coal re.serves of the 

^ Ouf Ciial Supply, Quuuliiy, Quality (nut Di ^tnhuiiou Hy M R. 
Campbell, Pittsburgli Inlcrnational Conferriirp on ibliiniinous Coal, 1026. 
-Coal Resouiics of tp.e Wotld Jnloi national (Icolo^ical Congress, 1913. 
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world, so that the Post-Carboniferous deposits of North America 
alone acoount for over 50 per cent, of tlie total deposits of the 
world. The respective figures for production are materially differ- 
ent. In the Tnited States 5 or 6 per cent, only of the total produc- 
tion up to the end of 1925 was ol the more recent co.il, and the same 
limits of 5 to h per cent would cover the annual production as 
reteiitly as 1923 In Can.ida the annual production of Post- 
(.'ai boniferoiis coals was hO per ciMit of the whole in 1923, and 5H 
per cent, of tin' whole in 1927. As tin* rnited Stales jiroductiom 
in 1923 was about 44 per cent, of tht‘ total jirodiiction of the world, 
('aiiada’s production slightly over 1 pt‘i ci'iit , and Mcmco’s jiro- 
diiction less than 0 1 ]ier cenl., the total production of Post-Car- 
boniferous coals in North America onlv amoiinled to 3 [>ei C-eiit of 
tlu' woild production in that \'ear North Ami'iica, therefore, does 
not ligure as ])i omiin'iitU as a producei of Post-CarboniftTous coals 
as il does in respc'ct to ie-,erves of such coal In 1923 (Terinanv 
produced ovei 1 1 S, 000, ()()() tons (2,000 lb ) of lignite, which amounteil 
to nc'arb 9 ])ei cent of llu* total world ])roduction of coal, and in 
main other countries large' qu.mtities of the more ri'ca'iit coals .in' 
mined, se) that (he annual world’s tiroduction of such c'.oals is tar 
from negligible 

(d.NssiFK \rio\ OF P()si-C \Ki;c)Nii'i: KOI s Co vls 
It is s anetimes assiimt'd that coals ol the moie n'cent gt'ologicil 
age are mainlv hgiiitic in character, and Carbomh'ious coals are 
rc'ferrc'd to as /yuc co.ds It may bt' correct that I'c'rtiary ('oals dut 
m.iinh' lignitit', but this is certainly fai from true' of the Cretaceous 
coals In a recently esLiniated “origin. d tonnage” of coal in the 
Cmted States, the coals west of the lOOth meridian, together 
with the lignite depo.sits ot Texas and Arkansas, aggreg.ited 
2,354,235,000,000 tons (2,000 lb). Of this amount only 39 9 per 
cent, was classed as lignite, 42 3 per cent as sub-bituminous, 17-8 
per cenl as bituminous, and a trifling iiercentage as anthracitic. 
The Post -Carboniferous coals of Canada, according to the Inter- 
national Congress of Cieology, 1913, consi.st of nearly 78 per cent, 
lignite, nearly 22 per cent, bituminous, and one-third of one per cent, 
anthracitic and cannel coals. A more rect'iit e.stiinate of available 
coal supply in Alberta^ gave 18 per cent, only as “Alberta lignite,” 
23 per cent, as sub-bituminous and 59 per cent, as bituminous coal 
Unfortunately the cla.ssification of coals eniidoycd is different in 
each of the three sets of statistics quoted above. 

® Dr J A Allan, Scientific and Industrial Research Council of Alberta, 
Annual Report for 1925. p 43. • 
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In a recent paper by Dr. Marius R. Campbell,* which has been 
freely consulted for the statistics and analyses of United States 
coals included in this paper, nine ranks of coal are shown, inter- 
mediate between peat and a substance he calls super-anthracite. 
The ranks named are peat, lignite, sub-bituminous, low-rank bitu- 
minous, medium-rank bituminous, high-rank bituminous, low-rank 
semi-bituniinous, high-rank semi-bituminous, semi-anthracite, 
anthreicite and super-anthracite. In this classification cannel coals 
are included in the bituminous ranks. The classification officially 
employed in Alberta includes only three ranks — bituminous, sub- 
bitununous, and domestic (No anthracite is being mined at 
present.) If T)i. Cainjibell’s classification were employed it is clear 
that most (jf Alberta's suli-bituniinous c(jal would be classed as 
low-rank lutuminous, and most of its domestic coal as sub-bitu- 
minous. The only mines producing lignite, according to this 
classification, would be some small mines situated on the eastern 
border of the coalfields, which jiroduce coal for local use only. The 
present production of T>ntish Columbia is about 95 per cent, bitu- 
minous, and of Saskatchewan entircdy lignite, so that ]iist at present 
problems of classification are less important in those proyincos than 
in Alberta The classification tanployed in the statistics of the 
coal resources of thi* world are fully stall'd, although not easy to 
interpret, but here again it is certain that the percentage of lignite 
coal reported in Canada would havt' been materially reduced if Dr. 
Cam])bell’s classification had been employed The need for a 
uniform system of cl as.sifi cation is quite (wident, and this subject 
will be more fully discussed later. 

Influence of Geologicai, Agencies 
It is safe to assume that, other things being equal, a Carboniferous 
coal is always of higher rank than a Post-Carboniferous coal. In 
^ other words, a coinparativeh' undisturbed seam of Carboniferous 
coal, by mere passage of time and the pressure from superincumbent 
strata, has become more mctamorpihosed from the original yegetal 
matter than has an equally undisturbed seam of Post-Carboniferous 
coal, with its shorter time since deposition, and probably smaller 
pressure from superincumbent strata. This can also be expressed 
by saying that of^two coals of equal rank but of unequal geological 
age, the newer coal must have been subjected either to the greater 
pressure due to the folding of the strata and the uplift of mountains, 
or to heat due to igneous intrusions or to lava flows. 

• Pittsburgh Internatu^al Conference on Bituminous Coal, 1926. 
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The general character of Post-Carboniferous coals reflects their 
geological history. The higher rank coals of this age in North 
America are almost entirely confined to mountainous or hilly 
country, and no large, flat beds of uniform, higher rank composition 
are known. The variability of composition can be seen in the three 
following analyses of coals from adjacent localities in the north- 
west of the State of Colorado. 

TABLE 1 

COLORADO COAL ANALYSES 





Volatile 

Fixed 

iMiel 


Moisture. 

1 Ash 

matter 

carbon 

ratio. 

North 1‘ark Field 

20 0 

i 50 

32 5 

42 5 

1 3 

Yampa b'leld 

10-4 

1 6 2 

37 9 

45 5 

1-2 

Yampa J'leld 

7 0 

( 14 0 

3 4 

75 f) 

22-2 


table II. 

SOUTHERN ALBERTA COAL ANALYSES 





1 

1 

Volatdc 

F'lxed 


Calorific 

Samjile 

I hstance 

Moisture 

Ash 

matter 

carbon 

Fuel 

value 

miles 

percent. 

percent | per cent 

percent 

ratio 

B Th U /lb 

1 

K 

1 7 

10 6 

24 5 

63 2 

2 () 

13,490 

2 

11 

1 7 

12 5 

24 0 

01 8 

2-0 

13,160 

3 

15 

1-3 

12 5 

27-2 

; 59 0 

2-2 

13,130 

4 

22 

7-3 

13 0 

35 2 

; 44 5 

1-25 

11,630 

5 

83 

10 6 

8 3 

35 7* 

i 45-4 

1-25 

1 1,270 

0 

115 

15 1 

10 2 

31 4* 

! 43 3 

1-40 

10,000 

7 

162 

21 8 

6 8 

29 5* 

1 419 

1-40 

9,190 

8 

177 

20 0 

7-8 

27 3* 

1 38 3 

1 40 

8,290 


• Volatile matter determined by slow coking. 


In British Columbia most of the producing mines are working 
bituminous coals, but published analyses show coals with fuel ratios 
varying from less than 1 to over 20. In Alberta the effect of moun- 
tain building pressure on the rank of the coal is very clear. The 
Rocky Mountains were forced up by pressure from the west. The 
effect of this pressure is naturally most clearly shown within the 
limits of the mountains, and decreasingly shown with increa.sing 
distance east from the mountains. This has been illustrated by 
means of a map showing the normal moisture content of coal mined 
in Alberta.® The lines of equal moisture content lie approximately 


^Analyses of Alberta Coals Stansfield, Hollis and Campbell, Report 14, 
Scientific and Industrial Research Council of Alberta, p. 14. 
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parallel to the mountains, and the moisture increases with increased 
distance from tlie mountains. The same thing is shown by the 
following analyses of coals taken along the line of the Canadian 
Pacific Railway from the Crow’s Nest Pass through the Rocky 
Mountains eastwards through Lethbridge to Medicine Hat. Dis- 
tances are (expressed in miles, as the crow flies, from the summit of 
the pass to the |X)int when* the sample was taken. The first three 
samples came from witliin the mountain range. 

PkOGJU-SSIVE Ml','J'Ai\l()KPHlSM 

All the above coals are of Cretaceous age, the first three from the 
Kootenay horizon, and the others from tiie P>elly River horizon. 
Other series of samples, taken at right-angl(‘s away from the line 
of the mountains, show a similar gradual decrease in rank of the 
coal, even thougii farther north, along the main line of either the 
Canadian Pacifh' Railway or tlie Canadian National Railway, for 
example, such a series would pass, geologically, from Kootenay to 
Belly River, from Bell\ River to Ldmonton and then back to Belly 
River horizon coals. 

Another corollary of the fact that the seams of higher rank Post- 
Carboniferous coals have commonlv been subjected to high pressures 
and are much faulted and folded is that such coals often have a 
higher ash content than is found in the lower rank coals. This is 
probabh^ due to the earth movements causing a mixing of the purer 
coal with the dirt partings in the scam, so that they cannot be 
separated when mined. Tn the hundred typical analyses of Western 
United States coals cjuoted by Dr. Campbell in the paper already 
referred to, forty-.seven samples classed as lignite or sub-bituminous 
show an average ash content of 7-8 per cent., while fifty-three 
samples classed as bituminous, semi-bituminous. semi-anthracite 
and anthracite show an average ash content of 10 9 j)cr cent This 
increase of ash witli iTicrea.se of rank is a rule with manv exceptions, 
but the same tendency is clearly .shown in Alberta coals The 
increase of ash content is accompanied by a ri.si* in the softening 
temperature of the ash. 

Where a Carboniferous coal attained a certain rank or maturity 
by extremely slow metamorjihosis, and a Post-('arboniferous coal 
matured so as have tlie same proximate analy.sis in a geologically 
shorter time, it is only natural to expect that the two re.sultant 
coals, although of the same proximate analysis, wall be notably 
different in other respects. Such po.s.sible differences should be 
considered wath respect to methods of analysis, cla.ssification and 
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utilisation of the more recent coals; and further study is desirable 
along these lines. 

The Analysis of High-Moisture Coals 

Post-Carboniferous coals are normally analysed by the same 
methods employed for Carboniferous coals, but the coals with higher 
moisture content are particularly unstable, and require special pre- 
cautions to be taken. The pulverised coal oxidises with notable 
rapidity in such a way as to increase the moisture content, even 
when the coal is stored in bottles with tightly-litling glass stoppers. 
Analyses, therefore, should be carried to completion as soon as 
possible after grinding. IMoisture determinations should be made in 
an oven through w'hich a rapid stream of a dr>’, ntuitral gas is 
passed, for il air is circulated through the oven, oxidation causes 
serious f^rrors. Volatile matter diqenninations must be made by 
the slow coking method to avoid loss from sparking, where the 
moisture m the air-dried coal is higher than about 10 per cent. 
As th(^ moisture-retaining ])ro])erties of the higher moisture coals 
give an indication of the nature of such coals, a standardised 
method of air (.lr\ang is advisabl(‘ In the writer’s laboratory the 
coal IS exposed in a shallow tray for forty-eight hours to a lapid 
current of air of 60 per cent, humidity at room temperatures The 
huimditv is regulated by expo.sing the air to a stream of calcium 
chloride solution of I -30 specific gravity. 

(jI NI rai Classifica'IIon of Coals 
ILnoiigh has already been said to show the present need for the 
general ado]ition of a scheme of coal classification which will suit 
both Carboniferous and T*ost-Carboniferous coals. J^epresentative 
committees in Canada and the United States are at present working 
on this problem, and little more need be said about it now. In the 
writer’s opinion no scheme will be entirely satisfactory which does 
not take cognisance in some way of the normal moisture content 
of the coal. One example, Table TTI., has been selected to make 
this clear. Samples A and B, if judged by the analyses of the dry 
coals, are not very markedly dissimilar, sample A has the higher 
calorific value, in spate of a slightly higher ash content, but sample 
B has the higher fuel ratio. The analyses of the coals moist as 
mined, however, .show the marked superiority of sample A, and 
this comparison agrees with the ordinary commercial rating of the 
two coals. vSample A came from the Coalspur area in Alberta, and 
sample B from Tofield, .some 180 miles farther east. 
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TABLE III. 

COMPARISON OF ANALYSES— MOIST AND DRY COALS 



! 


1 Volatile 

l*'ixed 


[ C alonfic 

Fuel. 

Moisture 

Ash 

' matter 

carbon , 

Fuel 

1 value 


per cent 

per cent 

per cent 

per cent 

Ratio 

Ti Th U./l 

Sample A, dried 


9 3 

39-3 

f)l 4 

1 30 

12,000 

Sample B, dried 


tJ-H 

37 1 

54 1 

1 45 

11, 770 

Sample A, as 


1 





mined 

7 7 

8 5 

36 3 

47 5 

1-30 

1 1,080 

Sample B, as 







mined 

27-8 

() 4 

26 H 

39 0 

1 45 

8,500 


It is of interest to note tliat a preliminary study of the classification 
of Alberta coals by Sevier’s method, comparing the carbon, 
hydrogen, and oxygen plus nitrogen content of the dry, pure coal 
substance, shows these coals to fall principally into the ortho- 
semibituininous.meta-bituminous, ortho-bitummous, meta-lignitous, 
ortho-lignilous and sub-ortho-lignitous classes. Some samples 
have been analysed which fall into the ortho-carbonaceous, sub- 
rncta-bituminous, sub-ortho-bituminous and per-meLa-lignitous 
classes. This indicates the wide range of Post-Carboniferous coals 
to be found, even within the comparativelv’ small area of Alberta. 

Utilisation. 

The utilisation of Post -Carboniferous coals does not fall within the 
scope of this study of their composition and classification, but it 
might be pointed out that they include coals suitable for making 
coke and gas, for the production of power, etc., and it is anticipated 
that some of these coals will be jiarticularly suited for the produc- 
tion of oil by the Hcrgiiis jirocess. The Ingher moisture coals, 
10 per cent, and upwards, are clean to handle, and burn with 
practically no smoke, presumably on account of their high o.xygen 
content, so that they are well adapted for use as domestic fuel. 

As these coals arc found near the surface in many localities, and 
under conditions leading to possibilities of cheap mining, their 
suitability for manv' of the modern processes of coal treatment will 
undoubtedly lead to their becoming of far greater economic im- 
portance in the near future. 


R^SUMP-. 


Les houilles post-carbonifdrcs, dans la seulc Ann^nque du Nord, representent 
plus de la moitie des reserves carbonifercs du mondc entier Elies ne repr^- 
sentent, au moment actuel, qu’un faible pourcentage de la production mondiale 
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annuelle de la houille, mats mdine au point de vue de la production elles sont 
loin d'etre negligeables. 

Les homlles post-carbomferes sont souvent consid^rees comme ^tant de 
nature principalement ligneuse, mais il s’en faut de beaucoup quc cela soit 
vrai. Elies comprennent des quantit6s importantes de toutcs les especes de 
houilles, diTlignite jusqu'^i I'anthracite. L'analyse chimique d'un echantillon 
d’une certame categoric de houille post-carbonifere pout, eii cffct, bien fitre 
la mfeme que cellc d'un echantillon de houille carbonifere de la categoric 
semblable, mais le caract^re general des couclies faiL voir I’lnttuence 
qu'exerc^rent les forces qui ont forme rarchiiecture des montagnes sur les 
metamorphoses progressives de la matiere vegeiale 

Les methodes d'analysc. la classification ct l utilisation des houillcs ont dte. 
dans Ic passe, largement invent^cs pour scrvir aux houilles carboniferes, et il 
convicndrait de consid^rer davantage et d’etudier de ta(,oii plus appro- 
lond les houilles post-car bon if^res, tout particuliereinent .lu point de vue 
de la classification II y a besom pressant d'un systemc de classification 
qui se prStera ei toutes les houilles de toutcs les epoques et qiii sera, coiisequein- 
inent, adopte par consentement general La noniinalion receiicc de com- 
missions representatives pour preparer cettc classification au Canada et aux 
Etats-lJnis constitue un pas de fait dans la bonne direction Une certame 
modification apportec dans les mcHhodes d’analysc est demontree comme 
essentielle pour I’analyse des houilles les plus recentes On lait egalement 
remarquer qu’aucun projet de classification ne pourra etre adoptt^‘ universelle- 
ment s’ll ne s'applique ?i constater les propri^t^s du charbon renferniant tie 
riiuniidite. 
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STEAM RAISING 
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Introduciion 

Lignite is often called the fuel of the future, but the enormous 
reserves of it in the world, quantitatively being not much less than 
the coalfields, until now have been very little exploited. The mining 
of lignite is practically confined to the European continent, though 
its basins in Europe constitute scarcely 2 per cent of the lignite 
reserves of the world, which in the main are concentrated in North 
America. The other countries, besides Europe, produce only about 
3 per cent, of the world’s lignite production, and Czechoslovakia 
• holds second place to Germany. 

Lignite is a low-grade fuel, therefore the direct utilisation of 
lignite is limited to the vicinity of the lignite mines. In order to 
extend the market for lignite, efforts are being made to prepare 
concentrated fuel from it. Briquetting without binders is success- 
ful, technically- and economically, in Germany, but the increase of 
lignite carbonisation is checked by the difficulty of extending the 
market for lignite char. In countries outside Europe, the 
methods successfully tried in Germany have then been tried, 


62 



CZECHOSLOVAKIA: UTILISATIOX OF LIGXITE 

especially in North America and Australia, but they found that the 
processes»applied in Germany to the earthy, plastic type of lignite — 
brown coal — are not equally applicable to lignites of other com- 
position and structure. Most of the lignite fields in the world, 
especially those in North America, contain the hard type of lignite, 
the utilisation of which we find dev^eloped to the most important 
degree in Czechoslovakia. 

Lignite Deposits 

Of the lignite deposits in Czechoslovakia, shown in Fig. 1, the most 
important, economically, lie near the north-western frontier of 
Bohemia, and consist of two basins’ (1) the basin of Teplice — 
Most— Chomutov, and (2) the basin of Karlovy Vary — Falknov — 
Cheb. The other lignite fields, Handlova in Slovakia, Hodonin in 
Moravia, and Mydlovary in Bohemia, arc less imiiortant, as they 
yield only 3-4 pei cent, of the whole lignite production Besides 
the lignite industry, Czechoslovakia has also an ecpially important 
coal industr}'. The basin of Ostrava -Karvinna produces about 
three-quarters, other districts — Kladno, Plzen, Svatonovice in 
Bohemia, and Rosice in Moravua -supply the remainder of the coal 
production 

In Czechoslovakia were mined:- - 


Year 

Lignite 

Coal 


Millions ot tons 

U)13 

23 1 

14-2 

1925 

IH-8 

I2'7 

1926 

18 8 

14-5 

1927 

20-0 

14 7 


The average quantity per capita mined in 1925 was, in Czecho- 
slovakia, 0-9 tons of coal and 1 -4 tons of lignite, in comparison with 
5-6 tons of coal in England, 2-2 tons of coal and 2-3 tons of lignite 
in Germany, and 1 *2 tons of coal in France. 

The lignite reserves in north-western Bohemia are estimated at 
12,000 millions of tons. About one-third of the lignite production is 
mined in open cuts. Most of the lignite mined is a hard, dull lignite — 
in Canada called brown lignite. In addition, high-grade lignites are 
exploited from local deposits in considerable quantities . bright 
lignite (in Canada called black lignite) north of the line Most — 
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Fig. 1. Lignite and Coal Deposits in Czechoslovakia. 
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Duchcov, and gas lignite (called boghead lignite) of the Agnes seam 
in the district of Falknov. 

Some small deposits of wax brown coal (in Germany caUed 
Schwelkohlc) situated on the border of the basin of Karlovy Vary — 
Falknov- Cheb, are used partly for the manufacture of montan wax in 
two plants, only one of which is now being operated, with a produc- 
tion of 400-500 tons of montan wax per year, partly for distillation. 
The onl}^ plant m Czecho.slovakia Bituma at Zweifelsreut, near 
Cheb, with twenty-four modem Rolle ovens, erected m 1925, is 
working in a restricted measure (six to twelve ovens), as the 
market for lignite char (called Grudekoks) is not sufficient. There 
are hope.s of briquetting lignite char successfully with binder. 

COMrOSITION 

The following table shows the variations in the composition of 
typical lignites of north-western Bohemia ; — 
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(Compared with the German brown coal with 50-60 jier cent, 
moisture and 3,200-4,500 B.Th U. per lb. heating value, and with 
the briquettes manufactured from the same with an average heating 
value 8,700 B.Th II , the heating value of the Bohemian lignite 
varies mostly between 6,000 11,000 B.Th.U. per lb , being on an 
average equivalent to that of the German lignite briquettes 

Markets 

The Bohemian lignite is almost exclusively used as fuel without 
any prejiaration. Its consumers (besides the lignite mines them- 
selves), averaging the years 1924-1926, were: — 
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The best consumer of lignite is the industry situated in North 
Bohemia. Because of its low price householders also prefer lignite to 
coal, the relative consumption being 20-9 per cent, of hgnite, and 
5-4 per cent, of coal. An important factor in the lignite market is its 
export, mostly to Germany, and amounting to not quite 
3 millions of tons per year lately, whilst 7-8 millions of tons were 
exported before the world war. 

The efforts to improve Bohemian lignite commenced with the 
smallest sizes, slack and nuts III (0-10 mm.), which formerly 
were mostly dumped as waste. During and after the world 
war, when fuel became scarce, industry got accustomed to the use 
of lignite slack, which for the last three years has found a good 
market in consequence of its low price. Thus, a great deal of the 
former inducement for the preparation of improved fuel out of the 
North Bohemian lignite was lost. 

BRIQUETTING 
Briquetting without Binder 

The oldest way of improving Bohemian lignite is briquetting. 
The first briquetting plant was established in 1 877 at Cukmantl, near 
Teplicc It manufactured household briquettes from lignite slack 
without liinder, but the plant was closed a few years after its start. 
At present there exist in north-western Bohemia three plants for 
briquetting lignite without binder, but only two of them are working. 
The last one was built in 190b and since tlial time no more briquet- 
ting plants have been installed, except a small trial press. These 

three briquetting plants use three different kinds of lignite. 

■ 

The briquetting plant of the Kbnig.sbergcr Kohlen- und Briket t- 
werkc at Pochlovice, near Falknov, has twelve Ex ter presses with 
a capacity of 600 tons of briquettes per 24 hours, which manufacture 
briquettes with an estimated pressure of about 1,300 atmospheres 
from a lignite of the earthy type. It is a medium hard, earthy 
brown coal, enclosing small layers of wax-brown coal. The dried 
lignite is cooled intensively before briquetting Both as to the 
physical and the chemical characteristics and as to the methods of 
working, this plant differs in nothing from the German plants 
briquetting brown coal. The composition of the lignite used at 
Pochlovice is shown by the following two proximate analyses: — 
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The composition of the manufactured briquettes is stated to be: 


Moisture 

Ash 

C 

H 


O 

S 

Heating value 


16-20 per cent. 
5-92 
56-52 
5-54 
15-42 
040 

10,000 B.Th.U pLT lb 


The second briquetting plant, established by the Zieditz- 
Habersbirker Braun- und Glanzkohlenwerke at Habersbirk, near 
Falknov, has seven Exter presses, which are strengthened by 
traverses and anchor screws against the high pressure in the mould 
of approximately 2,000 atmospheres. The capacity of this plant 
is 280 tons of briquettes per 24 hours. The lignite used here is a 
mixture of two hard lignites from two different seams, called 
Lignite seam and Agnes seam, with the following composition, 
according to an older analysis' — 
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More recent analyses are: — 

Lignite Scam Agnes Seam 

Moisture ... ... percent. 40-13 23'51 

Ash 2-H7 3-24 

Heating value B Th.U per lb, ... 7,580 (?) 10,400-11,200 


The Agnes lignite is rich in volatile matter and has a high percentage 
of bitumen and tar. W. Hentze has found in a dry sample of Agnes 
lignite 17-6, and in the lignite from the Lignite seam, 7-6 per cent, 
of matter soluble in a mixture of benzene with 10 per cent, of methyl 
alcohol The Agnes lignite is very suitable, but the lignite of the 
Lignite scam is not so suitable for briquetting without binder. 
The quality of the manufactured briquettes depends on the propor- 
tion in which both lignites are mixed Special apparatus for cooling 
the dried lignite mixture before briquetting is not installed. The 
arrangement of this briquetting plant also does not differ from that 
employed in the German briquetting method, except that the presses 
arc strengthened against the very high pressure. It is likely that the 
high bitumen content in the Agnes lignite makes the lignite mixture 
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plastic to such a degree, as is essential for its briquetting without 
binder under very high pressure. According to an old analysis from 
Dr. H. Langbein the composition of these briquettes (the normal 
content of moisture is 11-12 per cent.) is: — 


Moisture . . 



4-21 per cent. 

Ash 



903 

C 



64-53 

H 



5-95 

O 



14-50 

S 



1-78 

Heating value . . 



. 11,400 B.Th U per 


The third of the existing briquetting plants is that of Ceskd 
Obchodni Spolecnost (Bdhmische Handelsgesellschaft) at Kfemyz, 
near Tcplice. This plant, erected in 1906, was in operation until 
1917, and then again from 1922 to 1925, when it ceased working. 
Only one 6-in jircss had been installed by the Engine Works 
Breitfeld, Danek Co., at Slany, near Prague, for the intended 
production of 15,000 tons of briquettes per year. The lignite used 
here is hard, with a low bitumen content, and had about 35 per 
cent, moisture, 7-8 per cent, ash, and heating value 6,700 B.Th U 
per lb. The combustible matter of this lignite contained 2*7 per 
cent, of matter soluble in benzene The briquettes had 15 per cent, 
moisture, 10-2 per cent, ash, and a heating value of 9,130 P» Th U 
per lb. 

For briquetting this hard lignite, poor in bitumen, without binder, 
the Engine Works Breitfeld, Danek Co. have modified the (jerman 
method. As h'ig 2 shows, the lignite screenings first pass a roll 
crusher a and then a shaking screen b. 3'hc fine lignite (size 0-5 mm.) 
drops into the hopper c, from which it is carried by a bucket elevator 
d into a Schulz dryer e. The dried lignite by a second roll crusher f 
is reduced to the size of 0-3 mm., and passes the heater h, consisting 
of two steam jacketed cylinders The dried lignite is forced by worm 
conveyors through the heater and is delivered, heated to about 
100-120°C., into a steam- jacketed hopper over the press k. The 
difference between the press used in this plant and the normal 
German Exter press, is that the stamp is driven from the fly wheel 
shaft, not directly by an eccentric rod, but by a system of levers. 
Thus the characteristics of the Bohemian lignite briquetting method 
are the heater and the driving mechanism of the stamp. In the 
heater the lignite becomes somewhat plastic, and the particular 
driving mechanism renders the motion of the stamp during the 
pressing of lignite to a briquette approximately 60 per cent, slower 
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than if the stamp is driven directly by the rod. Thus the dangerous 
strokes m the press are moderated, the air has more time to escape 
from the lignite, and the briquette is under pressure for a longer 
time. The pressure m the press amounts to 2,000 atmospheres, 
though it has often been stated that it reached 3,000 atmospheres. 
During the manufacturing period of fully thirteen years, the 
production surmounted only once 50 per cent, of the designed 



h]g. 2 T.ignite l^nquettiiig Plant at Kfemyi. 

capantN , and on an average was scarcely 30 per cent of it, due 
chiefly to the insufficient demand for tliese briquettes 
The yearly briquette production in Czechoslovakia amounts now 
to apiproximatcly 200,000 tons, 70 per cent, of wliich are exported 
to Germany. The briquetting of lignite, therefore, is relatively an 
important factor in its export. About 2 per cent of the Bohemian 
lignite j:)roduction is utilised by briquetting. 

Briquetting with Binders 

The failure in the efforts of briquetting the hard Bohemian lignite 
with low bitumen content, without binder, caused the installation 
of three briquetting plants producing boulets (ovoid briquettes) 
from lignite slack with lignite or coal tar piitch. These plants were 
established during and immediately after the world war, when fuels 
were scarce, but all of them have stopped working in recent years. 

Quality of Bohemian Lignite Briquettes 
Briquetting of the hard Bohemian lignite containing little bitumen 
without binder, produces briquettes which are strong enough to 
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Weathering Tests wi^i Bohemian Lignite Briquettes. 
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handle, but which are not sufficiently weatherproof and do not hold 
together in the fire. Neither the pulverising of lignite (to a size 
0-1 mm.), nor its heating before briquetting, are able to remedy 
these deficiencies materiaUy. Fig. 3 illustrates the weathering test 
of the three described types of Bohemian lignite briquettes exposed 
in summer to the open air for fifty days. In order to quicken this 
test all the briquettes were often sprinkled with water regularly and 
equally. The photographs show the excellent weather-resisting 
quality of the standard briquettes of Habersbirk (I ) from a hard 
lignite rich in bitumen. The weathering test of these briquettes 
was then continued for a whole year (without the additional spray), 
and no further disintegration of any importance could be observed. 
The tested briquettes of Pochlovice (IT ) were fourteen days old, 
while the briquettes of Kfemyz (III.) were more than a year old, 
and had gained much in their weather-resisting quality by the long 
storage. The briquettes of Pochlovice and Habersbirk stand the 
heat well, but the briquettes of Kfemyz disintegrate in the fire. 
The boulets manufactured from lignite slack with lignite tar pitch, 
though they are waterproof, also disintegrate in the fire. 

CARBONISATION 
High-Ticmi’Kkatuki' Carbonisaiion 

The most important jirogress in the efforts for the preparation of 
improved lignite in Bohemia was the carbonisation, especially the 
manufacture of kaumadtc, a lignite char, produced by high 
temperature carbonisation of lignite 

The first kaumacitc plant was the Koks- und Kaumazitwerke 
C. Melhardt, at Veseli, on the Elbe River, near iJsti later taken over 
by Dr. Auspitzer. This cnterpri.se was financed by Haller, Sohle Co , 
of Hamburg, and worked in 1898-1908. Originally, this plant was 
establLshed for the carbonisation of English coal only, imported via 
Hamburg For this coal carbonisation the Appolt vertical oven was 
installed. When, during the Boer war, the import of English coal* 
became difficult, the carbonising plant began to work up lignite 
instead. For the carbonisation of lignite the Appolt oven was 
modified on the principle of the Rolle oven The upper section of 
the Appolt retorts was provided with a double scries of cast-iron 
overlapping plates (Fig. 4), for drawing off the gas and the vapours 
produced by the lignite carbonisation. 

The kaumacite plant at Veseli had six batteries of retorts with a 
capacity of approximately 300 tons of lignite per day. The kaumacite 
was used partly as boiler fuel, especially in Germany, and partly 
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for the manufacture of kaumacite briquettes, with lignite tar pitch 
as binder. These briquettes were sold for household purposes and 
steam navigation. Tar and ammonia were recovered. By distillation 
of lignite tar motor oil, lighting oil, oils for extraction and impreg- 
nation and pitch used for briquetting were gamed. 

As the geographical situation of this first kaumacite plant at Veseli, 
far away from any lignite mines, was economically unfavourable, 
the production of kaumacite was transferred to the immediate 
neighbourhood of lignite mines, partly to Ervenice, near Most, and 
partly to Svctec, near Duchcov. The plants at Veseli and Ervenice 
were abandoned after the immense failure of Haller, Sbhle Co 



Fig 4. Kaumacite Oven for Higli-tcniperalure Carbonisation of 
Tfoliemian Fignite 


The production of kaumacite in the Weinmann works at Svctec, 
near Duchcov, became more important than at Veseli The plant at 
Svctec has six batteries of kaumacite ovens, or 220 retorts Its 
capacity is abput 320 tons of lignite per day. Three batteries were 
installed for the carbonisation of lignite nuts II. and III (size about 
5-20 mm.), see Fig 4. The kaumacite oven has two parallel series 
of vertical retorts r, made of refractory material, which are 6,490 mm. 
high and in the horizontal section, 1 ,400 mm. long and 400 mm. wide. 
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The total height of the oven is 8,550 mm., and its total breadth 
4,930 mm. The cast-iron overlapping plates p, serve for drawing off 
the moisture and the gas with the tarry vapours from the retorts, 
into the collecting mains m From the cooling hoppers h, kaumacite 
is discharged at regular intervals, and after having been quenched in 
water it is screened Between the retorts are the heating chambers c. 
The heating gas is brought by the gas line I to the burners b at the 
top of the heating chambers, and the hot gases of combustion 
passing the horizontal heating flues are drawn off downwards by the 
chimney n into the open air. The lignite passes through the retort 
in about 24 hours The temperature of carbonisation reaches 
1 1 00°- 1 300 C. 

The otlier three batteries of retorts are installed for the production 
of kaumacite from lignite slack. For this purpose the overlapping 
plates arc made of refractory material and transferred from the 
inner jiart into the narrow walls of the retorts, both on the outside 
and in the middle of the oven Instead of the overlapping cast-iron 
plates, heating pipes made of refractory material are put into the 
upper section of the retorts and communicate with the heating 
chambers Thus the difficulty of swiftly and uniformly heating the 
whole mass of the compactly lying fine lignite is overcome The 
waste gases pass from the heating chambers through recuperators 
and warm the air for the burners The kaumacite retorts for lignite 
slack are charged with dried lignite. For drying lignite slack three 
direct-fieat rotary dryers were, in 1912, installed by Mdllcr & Pfeifer, 
of Picrlin, heated with pulverised lignite. Each dryer has a 
capacitv of 13 tons of lignite slack dried from 30 per cent, to 10 per 
cent moisture per hour. 

For the ])roduction of kaumacite they used lignite having approxi- 
mately 30 per cent moisture and a heating value of 7,600 B Th.U. 
per lb Kaumacite is a hard lignite char, though cracked, yet strong 
enough. It is a smokeless fuel difficult to ignite. Samples sent by ^ 
consumers to the Geological Institute of Vienna showed the following 
composition — 
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Kaumacite was screened in three sizes, 0-4, 4-8, 8-16 mm. The 
finest size (0-4 mm.) was used for the manufacture of kaumacite 


73 



THE COAL INDUSTRY 


briquettes with lignite tar pitch as binder. The larger sized lignite 
char was burned in boiler furnaces, especially in Germany. The 
largest size (8-16 mm ) of kaumacite was also used as fuel for suction- 
gas producers During the world war, "semi-coke" briquettes were 
manufactured from a mixture of kaumacite and dried lignite with 
pitch. These briquettes were easy to ignite and free-burning, and 
were used as household fuel. 

Tar and ammonia were recovered as by-products of the lignite 
carbonisation. The yield of tar was 3-3 J per cent, of the raw lignite 
quantity, the yield of ammonia amounted scarcely to 10 per cent, 
of the nitrogen content in the lignite. The tar was sold to Germany. 
The purified gas of 390-440 B Th U. per cu. ft. was used for the 
heating of kaumacite retorts and ovens in zinc works, and for the 
driving of gas engines. 

The kaumacite production of the Weinmann works in the years 
immediately preceding the world war, was approximately 40,000 tons 
per year, for which amount 100,000 tons of lignite were consumed. 
The carbonising plant worked from 1907 until 1919 In 1919 the 
kaumacite ovens, left without attendance during a strike, were 
damaged, and the production of kaumacite was not taken up 
afterwards. 

Low-Temperature Carbonisation 

Though the low- temperature carbonisation of Bohemian lignite did 
not reach the same importance as its high-temperature carbonisation 
the experiments made by the Briixer Bergbaugesellschaft, in 
co-operation with the Engine Works Ringhoffer, of Prague, on the 
Alexander Mine, near Dnchcov, in 1906-1912, are worth recording. 
Slack of high-grade lignite (heating value of 9,000-10.000 B.Th.U. 
per lb.) was treated by a low-temperature carbonisation process 
designed by Bock. The lignite char produced was briquetted with 
^sulphite liquor and the briquettes were made weatherproof by a 
second carbonisation, in order to carbonise the binder in the lignite 
char briquettes. The carbonised briquettes, having a heating value 
of 12,300-13 300 B.Th U. per lb. compared with the kaumacite 
briquettes, should represent an absolutely smokeless fuel, -being 
easy to ignite and consequently having a larger saleability. 

Favourable results with an experimental apparatus for a 10- tons 
production per day led to the establishment of a plant with a 
capacity of 100 tons of briquettes in 24 hours. For the low-tempera- 
ture carbonisation of lignite, three horizontal, cylindrical retorts, 
made of steel plates, were set one beneath the. other. Paddles 
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attached to a rotating, centrally located shaft in each retort, forced 
the ligiyte through aU the retorts, one after another. The lignite 
char was then pulverised, mixed with sulphite liquor, and rectangular 
briquettes with 50 mm. long sides were made of this mixture in a 
Tigler press. Sixty-four briquettes manufactured at each stroke of 
the press stamp were set up on trays. Five trays with briquettes 
were put into a cassette. Every two cassettes were hung up by a pin 
on an endless chain The bottoms of both cassettes, belonging 
together, were connected by a plate closing the oven. The cassette 
conveyor carried the wet briquettes up and down over drums 
through an oven, where the binder was carbonised, and the briquettes 
were then cooled down before leaving the oven. Tar and ammonia 
were recovered as by-products, and the purified gas was used for 
heating both the retorts and the briquette dryer. 

This plant suffered by frequent interruptions and by the varying 
quality of the manufactured briquettes. As these difficulties could 
not be overcome, the young plant was soon closed down. The 
lowest and last retort and its paddle shaft were distorted by over- 
heating. and the oven for the carbonisation (or drying) of the 
briquettes was also damaged. The carbonised lignite char briquettes 
were sometimes of excellent shape, strength and weather-resisting 
quality, but at other times they were cracked, crumbled to pieces, 
disintegrated in water and ignited spontaneously. 

The Bock carbonising process may be called the predeces.sor of 
C. H. Sinith'.s Carbocoal process, which was tried in the United States 
of America in 1919-1922. Both processes entailed twofold carbonisa- 
tion and briquetting with binder. Of course, the carbonisation or 
drying of the wet lignite char briquettes in the Bock process was 
done only at a low temperature, approximately 300'“’C. 

The experiments conducted by the Bureau of Mines of the U.S A., 
in co-operation with the Lignite Utilisation Board of Canada, for 
the manufacture of lignite char briquettes, are successors to the 
Bock process. Though they are reported to have been developed to* 
a condition for commercial application, they are, as yet, not com- 
merciolly successful. 

The Present State of Lignite Carbonisation in Czecho- 
slovakia 

At present the carbonisation of north-western Bohemian lignite is 
developed only in a small way. Some of the gasworks situated in 
this lignite district use lignite for the manufacture of town's 
gas in horizontal retorts at 900-1, lOOX., as a substitute for coal. 
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Lignite, with 31 -5 per cent, of moisture and 4-5 per cent, of ash, and 
with a heating value of 7,600 B.Th.U. per lb., yields 8,10P cu. ft. 
of gas of 480 B.Th.U per cu. ft. gross heating value, approximately 
40 kilos of tar and 450 kilos of lignite char quenched by water per 
1 metric ton. Lignite char, a great deal of which is breeze, is partly 
gasified in producers for heating retorts, the remainder is sold as 
boiler fuel, reducing agent in zinc works, and as material for the 
manufacture of paints 

The Zinc Works Dudek Bros., at Retenice, near Teplice, produce 
lignite char for their own reducing purposes at a carbonising tem- 
perature approximately as high as that in the Rolle oven. The 
only Czechoslovakian plant for distillation of wax brown coal at 
Zweifelsreut was mentioned above. 

Gasification 

An important branch of the utilisation of north-western Bohemian 
lignite is the manufacture of producer gas in glass works and in 
metallurgical and chemical factories. About 2 per cent, of the whole 
lignite production is now worked up in Bohemia by the producer 
gas process. 

Among the gas jiroducers used lor lignite gasification, those of 
Mond are the most important. A Mond gas producer plant having 
twelve units was established in 1912 by the Mannesmann Works at 
Chomutov. Another plant with fourteen producers is manufacturing 
gas in the Weinmann Works at Svetec, near Duchcov, for glass and 
zinc works A Mond producer has a capacity of 20-25 tons of lignite 
treated in 24 hours. The air and steam composing the blast are super- 
htalcd to 300^C. The blast contains approximately 0-5 kilo of steam 
for 1 kilo of lignite From the raw^ producer gas tar is obtained at 
its practically full yield, and also ammonia, which is absorbed by a 
weak solution (about 2 per cent ) of sulphuric acid. The yield of 
ammonia corresponds to approximately 60 per cent, of the nitrogen 
‘content in the lignite. 

The Mond gas producer plant at the Mannesmann Works uses 
low-grade lignite, which has 30-5 per cent, moisture, contains 
31-82 per cent, of ash, and 0-81 per cent of nitrogen in the dry 
lignite, and has a heating value of about 5,400 B.Th.U. per lb. From 
1 metric ton of gasified raw lignite are recovered 45,000 cu. ft. 
(at 0"C. and 760 mm.) of gas of 158 B.Th.U. per cu. ft., 66-4 kilos 
of tar and 16-5 kilos of ammonium sulphate. One ton of lignite, 
consumed by gas producers and the boiler plant belonging to them, 
yields 32,650 cu. ft. of gas available for metallurgical works, 
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49-4 kilos of tar with 5 per cent water, and 12-5 kilos of ammonium 
sulphate. The recovered tar is partly used as fuel for heating 
metallurgical ovens, and partly utilised by distillation, which yields 
oil for heating and impregnation purposes and pitch. 

The other gas producer plant at the Weinmann Works manu- 
factures gas out of nuts I-III (size 5-40 mm.) of lignite, with approxi- 
mately 30 per cent, moisture and 12 per cent. ash. The producer 
gas has 180 B.Th U. per cu. ft. heating value. The lignite 
tar recovered was at first treated in a distillation plant working 
continuously. Lignite tar oils were mostly exported to Germany; 
pitch was utilised in their own lignite briquetting plant. At present 
tar is sold to the Bituma, Society for Chemical Industry at Karlovy 
Vary. 

From the other gas producer plants recovering only tar as a by- 
product, the plant of the Glass Works J. Inwald, at Cukmantl, 
near Teplice, consisting of eight Roller producers with revolving 
grates, has to be mentioned. A Roller producer treats 25-30 tons 
of lignite in 24 hours with a high thermal efficiency. The gasified 
lignite of the Charles Mines contains about 35 per cent, moisture, 
and 4-5 per cent ash, its heating value is approximately 
7,200 B Th U. per lb and yields 77,700 cu. ft (at 35^ C and 736 mm.) 
producer gas of 175 B.Th.U. per cu. ft., and 100 kilos of tar with 
3 per cent, of water per metric ton. The distillation plant at Venier 
Cukmantl manufactures from this lignite tar fuel oil, approximate 
yield 12 per cent., phenol oil 28 per cent , and pitch 55 per cent. 
The quantit}^ of light oil is very .small, about 1 per cent. 

The Glass Works Muhlig - Union, at Rctenice and Hostomice, 
near Teplice, use fourteen Grosse producers for gasification of 
lignite and sell the recovered lignite tar to the Bituma. The Verein 
fur Chemische und Metallurgische Production at Usti has nine 
Kerpely gas producers at work, and the Industrie - Werke (formerly 
J. D. Starck) at Dolni Rychnov, near Falknov, are working with 
twenty-seven Heller producers for glass manufacturing purposes. 

Besides the distillation plant of Venier, lignite tar is treated by the 
Bituma m the distillation plant at Kralupy, near Prague. There 
are manufactured two fractions of tar oil, paraffin oil and phenol 
oil. The first oil is exported to Germany and the second to Australia. 

Use of Waste and Low-Grade Lignite for Steam Raising. 

Some electric works situated in the Bohemian lignite district, 
especiaUy the large power station at Ervenice, near Most, producing 
electric energy for Prague, use waste lignite of high ash content for 
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steam raising. For this fuel the LomSakov grate proved to be very 
suitable. 

The use of lignite in pulverised form in Czechoslovakia is still in 
its initial stale of development. In this respect the Babcock boiler 
plant in the electric works of the town of iJsti is working with the 
best results. Two other power plants, one at Mydlovary in South 
Bohemia, and the other one at Handlova in Slovakia, have not yet 
overcome the initial difficulties 


REMARKS 

In this report the English-American nomenclature has been used, but in 
Czechoslovakia, as in (ierniany, lignite generally is called brown coal In the 
Czechoslovakian terminology "lignite'' means only one class of brown coal, 
which IS characterised by its distinct woody structure, but this class ot 
brown coal does not play any part in the ('zechoslovakian production of 
brown coal 


ZUSAMMENFASSUNC; 

Die Tschechoslowakei steht an zweiter Stelle in der Weltforderung der 
liraunkohle. Gegenwkrtig betragt die tschcchoslowakische Braunkohlen- 
produktion fast 20 Millioncn Tonnen jahrlich Die in Nordwestbohnien 
gewonnene Braunkohle gehort dem harlen Typus an zum Unterschiede von der 
dcutschen weichen Erdbraunkohle. Die Qualitkt der bohmischen Braunkohle 
ist recht ungleichmassig, indem ihr unterer Heizwert ungefihr zwischcn 
3 500 und 6 000 W E schwankt. Durchschnittlich ist die bohmische Braun- 
kohle den deutschen Braunkohlenbnketts gleichwertig 

Die bohmische Braunkohle wird fast ausschliesslich im rohen Zustande als 
BrennstofI verbraucht. Ihre grossten Konsumenten sind die nordbohmische 
Industrie, der Hausbrand und der Export, vorwiegend nach Deutschland. 

Die Veredclung der Braunkohle bildet zwar gegenwartig keine wirtschaftlich 
besonders wichtige Grundlage der bohmischen Braunkohlenindustrie, im 
Gegensatze zu Deutschland. Auch in Nordamerika gilt dieselbe als condtlio 
sine qua non fur eine intensive zukunftige Ausnutzung der riesigen Braun- 
kohlenvorrate. Trotzdem sind die Bnketticrung und Verkokung der Braun- 
kohle in der Tschechoslowakei, welche in grossem Masstabe und in lang 
dauerndem Betriebe durcligefuhrt wurden, mehr als blosse Versuche und 
daher beachtenswert besonders deshalb, weil hicr eine Braunkohle verwertet 
wurrV, welche in ihrer Zusammensetzung und Struktur den nordamerika- 
nischen Braunkohlcn viel naher steht als die deutsche Braunkohle. 

Den Anlass zur Veredelung gibt in der Tschechoslowakei nur die Abfall- 
braunkohle. Es smd dies die Braunkohlenlosche und die aschenreichen 
Braunkohlenarten. 

Die Braunkohlenlosche, welche vor dem Weltkriege meist unverkkuflich war, 
hat man als billigcn Rohstoff fiir die Brikettierung, Verkokung und Schweliing 
zu verwerten versucht. Jetzt hndet die Braunkohlenlosche als Kes.selheizsto£l 
in der Industrie guten Absatz, so dass der fruliere Impuls fur ihre Veredelung 
zum grossen Teile wieder verloren gmg. 
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Die BfikeUierung ohne Btndemiilel hat sich fiir die harte und bitumenreiche 
Braunkohle in Habersbirk bewahrt. Hingegen gelang es nicht, aus der 
normalen, harten und bitumenarmen bbhmischen Braunkohle nach dem fiir sie 
besonders ausgearbciteten Verfahren der Maschinenfabrik Breifeld, Danek Co. 
in Slany^ ohne Bindemittel Bnketts von der gewunschten Qualitdt zu erzeugen, 
Es blieb nur bei emer Versuchsanlage, welche nicht mehr im Betriebe ist. 
Die Brikettierung der Braunkohle mtt Peek hat sich unter normalen Absatzver- 
h^tnissen als unwirtschaftlich erwiescn. 

Eine fur die bohmische Braunkohle typische Veredelungsmethode ist die 
Kaumaciterzeugung durch Hochtemperaturverkokung. Sie wurde tiber 
20 Jahre betrieben, ist jedoch seit dem jahre 1919 aus wirtschaftlichen 
Grunden nicht mehr aufgenommen worden. Einige nordwestbdhmische 
I Gaswerke benutzen die Braunkohle als billigen Ersatz fur die Steinkohle zur 
( Leuchtgaserzeugung. 

\ Der interessante Versuch der Schwelung der bbhmischen Braunkohle nach 
nem Verfahren von Bock am Alexanderschachte bei Dux kann als Vorginger 
iowohl des alten Carbocoal-Verfahrens als auch der gcmeinschaftlichen 
yersuche des Bureau of Mines, IJ.S.A., und des Lignite Utilisation Board of 
Canada bezeichnet werden. 

Die aschenreichen Braunkohlenarten konnen naturlich als Rohmaterial zur 
Erzeugung eines vcredelten festen Brennstoflfes nicht dienen Man kann 
jedoch ihre Vergasung wegen der Gewinnung des Teers bzw. des Ammoniiim- 
sulfats als Nebenprodukle, deren Wert manchmal den Preis der vergasten 
Kohlc rcichlich deckt, gewissermassen als einen schr zweckmkssigen Vere- 
delungsprozess bczeichnen. Unter den fur die Vergasung der bohmischcn 
Braunkohle verwendeten Gasgeneratoren sind die von Mond und Koller die 
wichtigsten. Allcrdings trkgt die Verarbeitung des Draunkohlengeneratot- 
teeres zur Deckung des Bedarfes an leichten Treibolcn und Schmierolen noch 
nicht bei. 

Die Verwertung der aschenreichen Ab/allbraunkohle zur Kesselheizung hat 
in der letzten Zeit wesentliche Fortschritte gemacht. Die Braunkohtensiauh 
feuerung ist derzeit nur mit einer im Betriebe bewahrten Anlage vertreten. 


79 



PRINCIPES DE UUTILISATION DE LA MATIERE 
ORGANIQUE PU CHARBON COMME ENiGRAIS 

(the use of coal as a fertiliser) 

CZECHOSLOVAKIAN NATIONAL COMMITTEE. WORLD POWER 
CONFERENCE 


A. D KISSEL 

Paper No. A7 

CONTENTS 

A NEW CONCEPTION OF HUMIC COMPOUNDS — REPLACEMENT OF THESE 
BY BROWN COAL — RESULTS OF EXPERIMENTS — R^SUMli 

Le charbon est unc des matieres principales pour la plupart des 
industries, elant employe comnie combustible ou comme matiere 
premiere de fabrication, il n’est pas sans raison de supposer que 
I’agriculture sera cgalement obligee de s'mteresser a I’emploi du 
charbon. puisque le manque actuel d’engrais organiques naturels 
est sensible Le charbon pourrait etre employe a ce but soit comme 
moyen d'amcliorer les qualites physiques du sol soit pour produire 
des engrais concentres organo-mineraux ayant unc teneur eleveeen 
composes humiques et en azote. 

Le rapport actuel ne s’occupe pas des problemes de Futilisation 
finale du charbon comme source de I'energie potentielle, ces pro- 
blemes appartenant a I’art de ringenicur; il considere, au point de 
vue de I'agronomie, le charbon comme matiere qui pourrait etre 
transformce, sous I'influence des processus biochimiques en produits 
organic^ues convenaiit a la nourriture de Torganisme huiiiain ou 
animal L'energic potentielle du charbon ne serail done pas trans- 
formcc en une autre forme d’eiiergie applicable aux besoins de la 
technique, mais elle serait transporte sous une autre forme de 
substance materielle. 

Les probltancs de la participation de la matiere orgamque se 
trouvant dans le sel (principalciiicnt sous forme du complexe des 
sels d'acide humique), aux processus du developpemcnt et de la 
nutrition des plantes ne sont pas nouveaux, e'est d(^‘ja M. Lomonossof 
dont I'attention a etc attiree sur ces sujets, plus tard MM. Seaussure, 
Grandeux et beaucoup d'autres. Neanmoins, des que la Iheorie dite 
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"minerale" s'est developpee, avec ses principes de la nutrition 
des plantes d'economie rurale, revolution de la doctrine du compose 
organique du sel s'est considerablement attcnuec. 

Conformtoent aux principes de la theorie "minerale," le developpe- 
ment de I’organisme d’unc plante est la fonction d'une influence 
harmomque des elements nutritifs qui se trouvent dans le sol; cette 
theorie ne donne pratiquement quo peu d’egard au role que jouent 
I'energie thermique et chimique des rayons de soleil et la composition 
du melange d’air atmosphcrique. II parait qu’un reglage meme 
partiel de ces dernicrs facteurs tres importants dcpassait Ics possi- 
bilites de la technique d’economie rurale; et bien que les savants 
aient fait bcaucoup d’efforts a resoudre ces problemes, les resultats 
de ces recherches ont eu peu d 'application dans la vie pratique. 

Neanmoins la circulation generale des reserves d’eau dans 
le terrain au temps de la periode vegetative et la forme de la courbe 
exprimant le mouvement de la chaleur dans le sol pendant les vingt- 
quatre heurcs sont d une grande importance pour Torganisme de la 
plante. Parmi les facteurs qui influencent la formation de la matiere 
organique, I'acide carbonique (CO2) est encore important; il sert 
comme regulateur cxclusif des processus de synthese aussi bien 
que du cours de la vie generale et du developpement d’organismes. 

Ces trois facteurs, la chaleur, I’eau et I’acide carbonique, 
posent les conditions de developpement d'un vegetal et resolvent 
les questions des abondantes recoltes rurales; et pourtant, jusqu'^ 
present, ils ne jouisscnt gucre de I’attcntion qu'ils meritent et 
ce sont exclusivement les forces de la nature qu’on laisse veiller 
sur la presence et le reglage de ces facteurs dans le milieu entourant 
la plante 

Par des recherches detaillees des terrains russes ayant beaucoup de 
humus on a trouve que les composes organiqucs dans la substance 
de humus ont un role tres important, en formant la partie essentielle 
des sols de cette espece, ils se montrent comine regulateurs principaux 
des facteurs agissant sur la grandeur et le developpement des plantes, 
et e’est Tune des causes principales de la fertilite des terrains de 
cette espece. 

L'analyse detaillee des influences directes et indirectes effectuees 
sur les couches du sol montre que le processus de la formation des 
"elements de structure" du sol et I’augmentation de leur resistance 
mecanique aux instruments d'agriculture dependent de la com- 
binaison des composes humiques. La fonnation des "elements de 
structure" elle-meme est cause de la granulation et de la porosite 
du sol desquelles depend V aeration du sol, si importante pour les 
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centres embryonaux du v6g6tal (principalement pour les nodus), 
pour revolution des organes separ^s et pour la formation d'une 
frondaison verte. La presence de la matiere organique augmente en 
meme temps revolution rapide de la vie microbiologique du terrain 
et accdlere Ics processus biochimiques convcrtissant les elements 
nutritifs de la cendre, non solubles dans I'cau, en des composes 
utilisables la nutrition; ce sont surtout les processus de nitrification 
auxquels les substances humiques sont en p:)articulier favorables. 

Les composes humiques amcliorent aussi, par leurs propridtes 
chimiques et physiques, le pouvoir du sol d' absorber et dc conserver 
Veau: la matiere organique abandonne difficilement I'cau une fois 
absorbee ce qui rend Ic sol plus mdependant des conditions meteorolo- 
giques du pays. 

La presence de composes humiques abaisse encore la conductibiliie 
thermiqne du sol et en fait augmenter la chalenr spccifique. Par suite 
d'un echauffement moms rapide et de pertes de temperature 
moins brusques, la courbe indiquant les variations de la tem- 
perature des couches arables dans les 24 heures est plus droite pour 
les sols contenant des matieres humiques que pour ceux qui se com- 
posent exclusivement de matieres minerales. L' amplitude de cette 
courbe est moins elevee et s’approche de I'amplitude optima de la 
courbe moyenne theorique ce qui est une des conditions les plus 
importantes piour un bon developpement d'un organisme vegetal. 
(Voir les diagrammes Nos. I, 2, 3 et 4.) 
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12 14 15 IS 17 IB 19 20 21 22 22 24 25 26 27 28 29novembn9 

Diagramme No. I — Niveau calorique du sol — 

tjur unc parcelle ordinaire (sans lignite). 

Sur une parcelle pr6par6e au lignite en poudre des mines 

de Hedvika (300 q. par ha.). 

Observations faites au mois de novembre 1924 dans une profondeur de 5-10 cm. 
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Diagramme No. II — Niveau moyen calonque du sol aux mois de juin et juillet 
dans une profondeur de 5-18 cm. 

— siir une parcelle preparee au lignite 

sur une parcelle ordinaire (sans lignite) 
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Diagram me No. Ill — Difference moyenne des amplitudes caloriques entre 
les sols — 

(а) ordinaire 

(б) pr6par6 an lignite 

Observations faitcs du 1*^' au 15 juin 1924. 
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Diagramme No IV — Exemple du moiivemenl calonque an sol — 

prepare au lignite 

ordinaire 

Pendant un jour pliivieux typique (le 17 juin 1924). 

Un autre role specifique que jouent les composes orgamques dans 
le sol, e’est la formation d'acidc carbontqiie libre. Ce gaz se 
forme non seulement par la respiration des microorgamsmes du sol, 
mais il resulte aussi de la decomposition des matieres organiques des 
microorganismes eux-rntoes; il agit sur les t^ements petrographiques 
du sol et fait augmenter la concentration de I’acide carbonique 
dans les couches de 1’ atmosphere adjacentes au sol. Parce que 
I'acide carbonique est plus lourd que I’air et que les bles s’op- 
posent aux courants horizon taux de I'air, il se forme unc couche 
immobile d’acide carbonique qui fait augmenter I'intensite des 
processus d’ assimilation et la formation des produits elevees de 
I'assimilation dans le fcuillage, en particulier celle des hydrocarbures 
dissolubles. 

En resumant ce qui vient d’etre dit on pent mdiquer le role de la 
maticre organique dans le sol comme suit; La matiere organique agit 
sur les proprietes physiques du sol arable et elle sert a regler 
I’influence des facteurs importants pour le developpement d une 
plante: la temperature, I'humidite et I'amenee de I'oxygene aux 
centres embryonaux (racmes) de la plante et de Tacide carbonique 
a ses parties vertes. 

Neanmoins des etudes detaillees ont montre que la fonction des 
composes organiques dans le sol est beaucoup plus ample en ce qui 
concerne les problemes principaux de la nutrition azote e et sur- 
tout de la nutrition carbonique des plantes. 
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Les recherches faites dans les dernieres annees par plusieurs physio- 
logues et, agrochimistes ont etabli que ce ne sont pas seulement les 
cendres qui servenl k la nutrition des plantes, mais qu’il y a aussi 
des solutions de certaines matieres organiques qui torment un 
element important de cette nutrition, en fournissant du carbone 
actif, necessaire aux precedes energetiques qui s’effectuent au cours 
de la synthese des albuminoides. 

Les albuminoides ne peuvent se former aux depens de 1’ azote 
contenu dans les nitrates que si ceux-ci sont reduits en ammoniaque; 
cette reduction se fait dans Torganisme de la plante en presence et 
avec concours des hydrates de carbone solubles; 1’ ammoniaque com- 
posec avec le glucose et puis oxydee donne naissance a T asparagine 
d'ou se forme, apres Telimination de I’ammoniaque, une serie 
d’amides qui reussissent enfin a former des albuminoides. Ces pro- 
cessus exigent inevitablement la presence des hydrates de carbone 
libres qui, formes dans le feuillage comme produits de la photo- 
synthese, descendent aux racines ou ils sont brules en participant a 
la formation des albuminoides; il est evident qu’il y a des 
pertes d’energie dans ce processus, puisque les produits formes par 
la photosyn these, destines a la construction de la plante ou a leurs 
provisions, sont dtHruits dans les racines. Ces pertes peuvent etre 
diminuees si on amene aux racines des matieres organiques azotees 
qui peuvent ^tre reduites en ammoniaque par des processus de fer- 
mentation n’exigeant pas de matieres de construction faites par le 
feuillage, ou encore si on amene aux racines des matieres carboniques 
capables de fournir les hydrocarbures libres necessaires a la for- 
mation des albuminoides. On a trouve, par suite de recherches 
nombreuses et prolongees, que ce sont surtout les composers humiques 
dont la presence dans le sol a les effets indiques ci-dessus et qui con- 
tribuent ainsi au developpement favorable des vegetaux. On pent 
citer a cette occasion les recherches de I’lnstitut Forestier de I’em- 
pereur Alexandre et les travaux de MM. Breal et Kisser par 
rapport a la nutrition des forets et des tourbieres d’ou provient 
r opinion que les solutions de matieres humiques et des derives 
de leurs hydrolyse et oxydation ont un role important dans le 
developpement des bois et des bles. Le role des matieres humiques 
a ete signale aussi par les observations de M. S. Bogdanoff dont les 
opinions ont ete confirmees par des recherches de longue duree 
faites par M. Vikgorst dans les regions du sud-est de la Russie, du 
Turkestan et de I'Oussouri. 

On voit done que les composes humiques contribuent a elever la 
quantity de la mati^re organique de la plante par une action double: 
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indirectement en reglant d'une maniere favorable les conditions 
du milieu entourant la plante, ou directement en prenant part 
aux procedes de formation de la matiere organique. Quant 
a ce dernier mode, il n'a pas pu ^tre prouve jusqu'alors 
si le systeme des racines accepte directement les solutions des 
matieres humiques et les produits de leurs decomposition ou 
si I’influence de ces matieres consiste seulement dans ce qu’elles 
epargnent a la plante, en lui apportant de I’azote sous une 
forme plus convenable, les pertes d’energie inherentes a la reduction 
des nitrates. Neanmoins, les resultats des recherches faites par 
I'auteur prouvent d’une maniire evidente que In presence de 
matieres humiques dans Ic sol contribue, dans certaines conditions 
bio-climatiques, a ce que les plantes forment des quantites plus 
elevees de matiere organique; ceci est naturellement d’un grand 
interet, piiisqu’il s’agit des plantes agricoles. 

L'auteur a execute, avec I’aide de “l3stav pro hospodarne vyuiiti 
paliv” C'lnstitut pour I’utilisation rationnelle des combustibles"), 
en 1924-1928, une serie d’ experiences dans le but d’tHablir I'influence 
des combustibles nouveaux sur le developpement des plantes 
agricoles. II avait employe comme combustibles: 

1. Des charbons bruns en poudre. 

2. Des composes humiques, produits de charbons brims par des 
methodes speciales. 

Les experiences out montre qu'une certaine quantite de charbon 
broye (grams de 0,25 mm.), introduite dans la couche arable du sol, 
a produit une influence favorable au developpement des plantes: 
les racines ont ete plus riches (voir le tab. I et les photos Nos. 1, 
2, 3, 4 et 5) et I’etat general des plantes a cHe meilleur que chez les 
plantes de I’autre terrain. Un changement d’etat chimique du sol 
n'a pas ete etabli; la quantite de sels mineraux accessibles a 
I’assimilation des racines est reste presque invariable. Les variations 
favorables qui ont ete constatees consistaient en ce que la courbe de 
la temperature du sol de 24 heures a abai.sse son amplitude en s’ap- 
prochant mieux a une courbe moyenne ideale (voir le diagramme 
No. 4), 1 aeration du sol s est amelioree et son pouvoir de coriserver 
I'eau s'est tdeve. Sur un terrain ou on avait introduit de 10 000 ^ 
20.000 kg. de charbon par hectare de surface, la recolte des plantes a 
surpasse de 54-55 pour cent cellc des plantes du terrain sans charbon; 
pour ^O.OOO a 40.000 kg. par hectare, cet effet s’est un peu abais.se 
(tab. IT.), de mtoe que pour de petites quantitas de charbon 
(de 10.000 a 2.500 kg. par ha.); un champ de mais (avec sol argileux), 
engraisse par des quantites de 2.500 a 1.400 kg. de charbon par ha.! 
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a donn^ une r^colte surpassant celle du champ normal seulement de 
10 i l,78pour cent (tab. III.). 

Ces experiences n'ont qu'une valeur d'information, ayant montre 
que malgre I'influence favorable du charbon son application 
pratique est assez difficile, vu les quantites de charbon necessaires. 

L' auteur a done employe des charbons bruns pour la preparation 
des engrais artificiels dont la composition et les proprletes chimiques 
et physiques correspondaient a celles des matieres humiques 
naturelles (voir le tab. IV.). Ces engrais ont ete introduits dans le 
sol par des machines i semer ou de main. Par mi les plantes observees 
ont ete le blc, les legumes, le tabac, la vigne et le houblon. Les 
conditions gcnerales du climat, du milieu, etc., ont ete les memes que 
pour des cultures normales, Les tableaux V., VI., VI L, VI IT. et X. 
indiquent les analyses d'engrais prepares de charbons et donnent 
les r^sultats obtenus. Les quantites d engrai.s introduites dans 1 ha. 
de sol ont correspondu a des quantites de 175 a 350 kg. et de 700 kg. 
de charbon employe. 

Pour faire comparaison entre les composes humiques artificiels et 
les engrais mineraux, I'auteur a fait en I92»S de nouvelles exj^eriences 
ou les plantes ont re^u dans les deux cas les mtoes quantites 
d'azote. Les vases de vegetation ont ete ainsi distribues; No. 1: 
sans engrais; No 2 0,3725 g. de salp*’‘tre du Chili; No. 3; 0,6332 g. 
de carbo-humate No. 872 (avec 9,4551 ix)ur cent d’azote), No. 4: 
1,4155 g. de carbo-humate No. 883 (avec 4,2164 pour cent d'azote); 
No. 5' 0,6451 g. de superphosphate de 16,41 pour cent. De cette 
maniere les vases No. 2, 3 et 4 ont regu les m^mes quantites de 
0,0597 g. d'azote, le vase No. 2 ayant re^u, avec le salpetre, 
0,3129 g. de ballast inactif en matieres minerales et les vases 
Nos. 3 et 4 0,5272 g. et 1,1294 g de substance organique sous 

forme de composes humiques. 

Les analy.ses dtHaillees des recoltes de ces plantes ont montre que 
les composes humiques prenncnt part a la nutrition des plantes 
non seulement par leur azote, mais aussi par leur matieres non 
azoiiques, ce qui se fait voir du tableau IX. (a regarder le poids de la 
matiere organique seche des Nos. 3, 4 en comparaison avec No. 2). 

II resterait encore ii etablir les dt^ails de ces ev^tmements, p.ex. 
a quel degre les matieres humiques servent directement a la nutrition 
(comme p.ex. les engrais mineraux) et a quel degre elles agissent 
comme stimulateurs des differents processus s’effectuant dans les 
plantes. Neanmoins, les resiiltats obtenus montrent de nouvelles et 
amples possibilites d’utilisation des charbons k bas pouvoir 
calorifique. 
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RfiSUMfi 

The author develops a new conception as to humjc compounds aiyi explains 
the functions of these materials with reference to the life of plants, from 
his own observations as well as Jrom those of other investigators The presence 
of these compounds in the soil, on the one hand, is conducive to favourable 
physical and biological conditions, and, on the other hand, these substances 
and their decomposition products serve also as important nutritive material 
for plants, this being due to their content of nitrogen and carbon compounds. 
Soils which contain humic compounds are cliaractensed by an increased 
productivity as regards commercially important plants 
In the event that these compounds are lacking in the soil in its natural 
condition they can be replaced 

(^7) By the introdiution of a suitable amount ol brown coal dust into 
the arable land. 

[b] By the introduction of artificial humic compounds possessing the \ 
physical and chemical properties of naturally oc( urring humus and ' 
capable of being produced from many .sorts of coal. The artificial 
compounds are prepared in a condition suitable for rendering possible 
their introduction into the soil simultaimously w'lth the usual in- 
organic fertilisers 

The results of experiments earned out with coal products of the type indicated 
are described, and it may be seen from them that the lowei grades of bro>^n 
coal are applicable for the produc tion of good water-soluble organic fertilisers. 
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TABLEAU I. 

RfiSULTATS DES ESSAIS POUR FIXER L’EFFET PRODUIT SUR LE 
DfiVELOPPEMENT DES PLANTES AGRICOLES LIGNITE EN POUDRE 


Lignite 

Plant k I’essai 

Quantite de lignite par ha 

Lignite introduit a unc profondeur de 

Plante du vase engraissc au lignite 


De la mine Hedvika 
Froment 
300 q 
27 cm 

IMante du vase sans fumier 


Num6ro | 
des tiges 
de la 
plante 
d’es.sai. 

Hauteur Longueur 
de chaque des 

tigc. epis 

I’oids 

de 

chat|ue 

tigc. 

i Noinbre 
' de grams 
dans 
I’cpi. 

Hauteur 
de 1 

chaque 1 
tigc. 

I.ongueur 

des 

epis 

Poids 

de 

chaque 

tige 

N ombre 
de grams 
dans 
I’epi. 

1 

112 10 

3.85 

39 

98 

10 

3,5 

34 

2 

no 12,6 

4,94 

48 

92 

10 

3,2 

32 

3 

110,3 12,2 

5,04 

30 

104 

11,2 

4,0 

34 

4 

110,3 11.7 

5 

52 

101 

9,4 

4 

38 

5 

112 10.4 

3,80 

40 

91 

11.2 

2,6 

37 

6 

113 10,2 

4 

41 

77 , 

9 

2 

40 

7 

105 10 

3,20 

34 

1 




8 

89 9,2 

2,00 

-- 





Valeurs 








moy- 

109.9 10,8 

4,05 

41 

93,8 ! 

10.1 

3,3 

36 

Poids total de tous les epis 


gi 19.45 




gr 14 

Poids net des grams 


.. 8.0 




.. 4.8 

Poids de la jielure des grams 


.. 4,2 




3,8 


Extrait dll rapport de I’avileur l.iit h la Section Tcheque dii Conseil Agricole 1925. 



Photo. 1. IMiotographu* dcs plantes d’essai apres la rdcolte. 
Plante d'essai (a) d'un vase engraiss6, (b) d'un vase sans fumier. 
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Extrait du lappon de 1 auteur tail a la S Tch du C Agric(.le 191I» 
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I'hott) 2. Plantes d’essai avant Ic jcttcmrnl clcs epi 



J’liiitft 3 \pres MX jmirs 
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Eslraitdu rapport de I’auteur I la S Tch du C Agncole 192 ^ 
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I’lioto f) t M iin ossiii sur froiiu'nt cn chanij) pn'pLire an 

liRiiilc on pouclio d une (|uanlito do 25 (j, 5Uq, 100 q, el on champ sans 
funiioi 

TAHLEAl IV 

l ahloaii dos analyses okMiiontaires dts otulle.s humic|ues natnrellcs d'onpine 
vane et dos analyses oltniiontairos dos rtoHos humiques artihciollos. dont 
nous mnis st)miiios sor^■^.s tant pour los ossais vcgolaiix aux laborntoiros quo 
j)our ceux aux chanqi'' dans uuo inosuro plus grande 

l:toflos <rorig...e .,rtificK-llcs 

naturol 


! 



211 

212 

213 

214 

883 j 

8132 

872 

(' 

01. OH 

00.44 

50,05 

5H.34 

50,78 

50,70 

50 08 

11 

5.50 

5.04 

5,30 

4.30 

5.32 

1 5,53 

1 4.40 

N 

I.ftO 

1.27 

1,25 

2,20 

4.21 

0.00 

1 0.45 

S 

O.BO , 

0.3H 

0.74 

0.07 

0.20 

0,18 

0, 1 5 

() 

30.22 , 

32.87 

32,50 

34.02 

30,02 

37 40 

35.87 
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TABLEAU VI. 

R^SULTATS COMPARANTS DES INVESTIGATIONS POUR FIXER 
L'EFFET PRODUIT SUR LE D^:VELOPPEMENT DES PLANTES PAR 
LES ETOFFES ARTIFICIELLES HUMIQUES 


Plante d'essai. 

BETTER AVE ORDINAIRE 

I’essais 

Engraisse 

Terrain sans 

Poids de chaquc betterave des terrains c 
fumier. j Engraisse, 

1.300 ! 

510 

1.200 i 

0)00 

1 450 1 

870 

1.090 

500 ; 

1 200 1 

570 

1 440 

860 

1 050 ; 

500 

1 250 ' 

540 

1 300 

860 

1 030 

500 

1 230 

480 

1 330 

850 

910 

400 

1 1 40 

460 

1 210 

820 

880 

400 

I 040 i 

460 

1.200 

810 

800 

490 

930 ' 

450 

1.800 

800 

770 

360 

890 

450 

1 170 

770 

730 

350 

850 1 

440 

1 130 

740 

740 

340 

800 

41( 

1 1 20 1 

720 

710 

340 

870 

400 

1 020 

700 

710 

330 

830 

390 

1 020 

670 

710 

320 1 

810 

380 

1 020 

650 

()90 

310 

800 

370 

I 020 

650 

090 

290 

780 

300 

1 040 

630 

(i40 

270 

780 

350 

1 040 

630 

040 

230 

780 

320 

1 000 

570 

010 

230 

750 

270 

970 

570 

010 

140 

740 

400 

9t)0 

560 

505 

400 

700 


000 

480 

550 

i 

080 


930 

470 

530 


070 


0|() 

430 

530 


070 


900 

420 

870 


030 


900 

350 

500 

j 

030 


870 

320 

810 

1 

1 230 



310 

Poids tdlal 

27,05 

1 

31,22 

! 

43,96 

Pouls ab.solu 

27,98 

: 

33,40 


40,29 



Sans 

funner. 

Engraisse 
700 kg. 

1 ha 

Engrais.se 
1 400 kg 

1 ha 

Ndinbre le bettoiaves sur les tei- 
d s.sai 

Leiirs pt»i Is total 

Voids nu yen d'une betterave 

I\>ids ab.solu de la recolle 

46 

27,05 

587,28 

27,95 

45 

31,22 

693, 27 
33,46 

52 

43.90 

845,38 

40,20 

Reeolte r le.s terrains eiigraisses est 
nuginentation en pour cent 


15,34 

30,56 

Fxtrait du rapport de I’anteur it la S 

Tch du C 

Agricolc 1927a. 
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J*hoto 6. Sans fumage 



Photo 7 Engraissc par 700 kg d’etotlcs artilic hijmi(|ues par ha 
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IMiolo 8. Kngraissi- par I 400 kg d’ctoiles arldic. hunuques par ha. 


ARTIFICIELLES HUMlQLEb (KARBO HUMATS) 
Plante d essai \ IN 



Eatrait du rapport dp I auteur Ala S Tch du C Agnrole pa 1927 Essai« fails sur les vignes de 1 Etal de Beregovo et Valtice 
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RtSVMA DBS RfiSULTATS DBS BXP^RIBNCBS VtiCfiTALES PAITES POUR CONSTATER L EFFET DBS PREPARATIONS ARTIFICIELLES 
HUMIQUBS (KARBO-HUMATS) SUR LE DEvELOPPBMENT DBS PLANTES AGRICOLES 

Les r^ultata sont cxpnin^ en pour oeat de l augmeotation de la rtoilte des teiraiiis engraiss^ par des 

pr£ iarations artiScieUes humiques et des terrains sans elles P-s. 




METHODS OF BURNING DUTCH EAST 
INDIAN COALS 

BUREAU OF MINES, BANDOENG, JAVA 
D. J. L. CONINCK WESTENBERG 


Paper No. 

CONTENTS 

OCCURRENCE, AND STATISTICS OF CONSUMPTION -PliOPERTIES - 
GRADING ' FIRING BY HAND ON BOARD SHIP IN LO( OMO FIVES - 
IN STATIONARY BOILERS — MECHANICAL FIRING -SPRINKLERS 
TRAVELLING GRATE —UNDERFEED GRATE— SPECIAL METHODS OF 
FIRING FINES — BRIQUErFES — PULVERISED FUEL 
ZUSAMMENFASSUNG 

GENERAL REMARKS 

Occurrence 

Coal IS found in all the larger islands of the Dutch East Indian 
Archipelago Although trustworthy data as regards the available 
coal supply are lacking, a total quantity of 5,000 to 6,000 million 
metric tons has been roughly estimated, of which about 3,000 
million tons must be allocated to Sumatra, and about 1,000 million 
tons each to Borneo and Celebes Java, although not devoid of 
this mineral, has no coal areas of practical importance. 

As shown on the accompanying map (Fig. 1) the most important 
coal measures worked at present are the Ombilin governmental 
coalfields, situated at Sawah-Loento m the Padang highlands. 
Residency of Sumatra’s west coast, the Bockitasem governmental 
colliery of the Lematang coalfields at Tandjoeng-Enim in the 
Residency of Palcmbang, the Poeloe Laoet governmental coalfield 
situated on the island beanng the same name, lying off the south- 
east coast of Borneo, and the various coal areas scattered along the 
east coast of Borneo worked by private companies, given 
In Table I. 
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Coal Raised 

The aijiount of coal raised during the year 1927 at the various 
collieries is given in round figures in Table I. Including native 
workings the total amount of coal raised in the Dutch East Indian 
Archipelago exceeded one and a half milhon tons.^ 

Home Consumption 

According to the latest returns, the annual consumption of coal 
shghtly exceeds the production. It amounts to 1,600,000 tons, of 



which total 910,000 has to be apportioned to shipping, 360,000 tons 
to railroads, 28,000 to sugar mills, 122,000 to central electric stations 
and the remaining 180,000 tons to various industrial purposes. 


DUTCH EAST INDIAN COAL AS FUEL 
Properties 

Although the characteristics of this mineral arc by now sufficiently 
well known, it may be useful to repeat them here in order to render 

‘ Accurate figures and complete list of collieries and coal mining concessions 
are given in the "Jaarboek v h Mijnwczenm Nederlandsch Indie" (Annual of 
the Bureau of Mines of the Dutch Indies) 
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this paper self-contained. Generally speaking. Dutch East Indian 
coals may be called gaseous, and are of Eocene age. Their colour 
is pitch black; when freshly mined they are hard and break with a 
conchoidal fracture. In the author's paper called "Fuel Power in 
the Dutch East Indies." submitted to the First World Power 
Conference (1924), the following further particulars were given: 

"With the exception of the Boekit Asam variety, which owing to 
volcanic influences has in parts been prematurely transformed and 
enriched, the Dutch East Indian coal has, generally speaking, the 
following properties: — 


TABLE I. 

LIST OF PRINCIPAL COLLIERIES 


No 

Name of Collii-ry 

Locality 

Owner 

Net 
annual 
jiroduction 
in metric 
tons 

Coaling 

station 

I 

Ombilin Colliery 

Sawah Ix>ento, 
Sumatra's Wcst- 
coast 

Government 

500,000 

i 

Etnmahaven 

2 

Boekitasem Qillicry 

I'aiidjneng- Eii i m 
Residency Palem 
bang South Su- 
matra 


300,000 ' 

Kertapati 

(Palembaiig) 

3 

I’oeloc Laoet Colliery 

Island Poeloe, 
Laoet Residency, 

S E Borneo 

” 

140.000 

Stagen 

4 

Raiitau Pandjang 

Parapatan, East 
Borneo 

Royal Packet 
Navigation 

Co 

200.000 

Telok Ba- 
joer 

5 

Goenoeng Koepang 

Martapoera, South 
Borneo 

South Borneo 
Mining Co. 

20,000 

— 

6 

Goenoeng Uatoc Besar 

Pamoekan Bay. 
East Borneo 

G B B Mining 
and Trading 
Co (Malayan 
Collieries) 

I2().000* 


7 

Oust Doriieci Maiitschappij 

Samannda, East 
Borneo 

East Borneo 

Co 

200,000 

— 

8 

West Koeiei Coalfield 

Koelei. East 

Borneo 

Native owned 

20,000 





Total 

1,500,000 



• This figure is estimated, as accurate rciuruf are not yet lu hand 


"It is non-baking, non-coking, long flaming, highly gaseous, very 
friable and moist. 

"A comparison of the approximate analyses with that of South 
Wales coal discloses the fact that some varieties (Ombilin coal) 
contain three times as much volatiles and about six to ten times 
as much water. That difficulties would be experienced in burning 
this fuel in a furnace designed for European coal was at first 

104 



DUTCH EAST INDIES: METHODS OF BURNING COAL 

overlooked, but soon recognised. The calorific value and approxi- 
mate analysis of the three most prevalent varieties are as follows: — 


TABLE II. 


Origin 

Ombilin 

(Sumatra) 

Poeloe Laoet 
(Borneo) 

Boekit Asam 
(Sumatra) 

Variety 

Lumps 

Stagen 
steam nuts 

Bituminous 

nuts 

Anthracite 

nuts 

Calorific value in 
cal. per Kg. 

7-200 

6 800 

7-500 

8-500 

Per cent 

Per cent. 

Per cent. 

Per cent. 

Fixed carbon . . 

.56 

48 

55 

94 4 

Volatiles 

34 

39 

38-5 

3-8 

Moisture 

8 

5 5 

1 6 

I 

Ash . . 

2 

7-5 

0-5 

0 8 

Sulphur 

0-5 

I 

0-4 

0 5 


The ultimate analysis of pure coal of the above named varieties 
is given in Table III. 

TABLE III. 


Origin 

Ombilin 

(Sumatra) 

Poeloe 

Laoet 

(Borneo) 

Boekit Asam 
Sumatra 

Bituminous ^ Anthracite 
nuts j nut.s 


Per cent 

Per cent 

Per cent 

Per cent. 

Carbon 

79 6 

76 7 

74 7 

92-0 

Hydrogen ... 

5-6 

7 3 

6 25 

3 5 

Oxygen 

12-6 

15 0 

17-5 

4 0 

Nitrogen 

1-7 

15 0 

MO 

4-0 

Sulphur 

0-5 

1-0 

0-4 

0-5 


"The serious drawback of Dutch East Indian coal is its softness. 
This causes a disproportionately large percentage of fines ; it further 
necessitates careful handling of the coal during transport, and calls 
for specially-designed furnaces to bum it efficiently." 

Grading 

The coal is marketed in three sizes: 

(а) lumps, above 30 mm. 

(б) nuts, from 10 to 30 mm. 

(c) fines — or smalls beneath 10 mm. 

A fourth quality, called mixed smalls, is formed by mixing nuts 
with fines. 

Firing of Lumps 

The above grading is no arbitrary one, but is naturally the outcome 
of practical cons derations. It is in the first place due to the fact 

lOS 



THE COAL INDUSTRY 


that lump coal is exclusively used on ocean-going steamers where 
hand firing on fire-bar grates with large air spacings is still iA vogue. 
The obvious truth of the assertion that for distant oversea traffic 
only high-grade fuel can yield economical results has been fully 
recognised long ago, and is rigorously put into practice by shipping 
firms. 

Firing of Nuts 

For inter-insular shipping and local railroad traffic, as also station- 
ary boilers with hand firing, nuts have proved a suitable fuel. 

Mixed nuts and fines are not to be recommended lor the ordinary 
fire-bar grate on account of th(‘ large “grate losses,'’ but they yield 
excellent results on meehanically-operated grates with artificial 
draught. 

Firing of Fines 

As regards the firing of “fines,” great difficulties were ex])crienced 
in burning this “waste product” when applying the usual time- 
honoured methods, although some measure of success was obtained 
with hand firing on so-called Kndlitz fire grates (consisting of mas- 
sive plates with numerous tapering holes for the air admission), and 
when applying forced draught. Fven rnc'chanical stoking gave 
indifferent results, so that with this material more radical measures 
had to be taken, and firing of this combustible in the form of pul- 
verised fuel and briquettes had to be resort (‘d to. Hotli methods 
have proved eminently satisfactory, as may be gathered from the 
more detailed description which follous 

METHODS OF J^T^NING DITCH FAST INDIAN COALS 
General Principles 

Before considering in detail the various modes of firing which 
ha\'e now found general application m tliis country, it may be useful 
to restate elementary principles underlying the combustion process 
of bituminous coal. The fact that the fuel we are dealing with 
besides being highly gaseous is also non-baking, must not be lost 
sight of For the complete combustion of coal a fi.xed quantity of 
air IS necessary The wyy in wTiirh the air is admitted to the fuel 
depends entirely upon the character ol this fuel. 

With the gassy coal m (juestion, where the volatiles are liberated 
before ignition takes place, the combustion jiroccss is of a complex 
nature; the .solids only are burnt on the grate, and the liberated 
gases in the furnace or combustion chamber beyond. It follows 
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that the air will partly have to be admitted into the ashpit under 
the gra^te, and partly be let in above the grate to bum the gases. 

To promote the combustion of these hydrocarbons the combustion 
chamber should be liberally dimensioned, and the air should be 
pre-heated to accelerate the ignition process. The coal, being non- 
baking, precludes the application of a too heavy draught and con- 
comitantly calls for a thicker fuel bed than would at lirst sight be 
deemed compatible with its volatile nature. 

Firing by Hand 

The author is of the opinion that one efficient way of hand-firing 
Dutch East Indian coals would be to adopt James Watt's abandoned 
"coking system" of firing, whereby the green coal was piled on the 
dead plate, thereby serving as fire door. The great advantage of 
adopting this method with gaseous coal will be readily understood 
The gases evolved on the dead plate becoming intimately mixed 
with air, travel over the* whole length of the incandescent fire and 
cannot fail to become ignited and consumed in the spacious flue 
beyond. With careful stoking an almost continuous and uniform 
admittance of air and coal could be attained. Neither of these 
desiderata are present with the modern hand-fired boiler, as the 
charge is applied \'ery intermittently, and each time the fire door 
is opened to replenish the fire a rush of cold air is let into the 
furnace, which, besides cooling down the flue and other parts of the 
boiler, will give rise to an excess of air which will temporarily have a 
disturbing effect upon the combustion process. the application 
of frequent small charges and the substitution of natural draught 
by artificial balanced draught, this evil may be minimised, but 
never entirely obviated. 

Hand Firing on Board Ship 

Hand firing (by natives) is still largely practised on board the 
steamers plying in Dutch East Indian waters ^ All ships built 
prior to 1925 were equipped with the ordinary Scottish marine 
boiler, designed for European coals and European attendance. 
Practical experience all over the world has shown that these 
boilers stand up to their work when fired with coal with volatiles 
not exceeding 20 per cent., and when attended by trained firemen 
of robust physique. For Dutch East Indian coals with 35 per cent, 
to 40 per cent, of volatile contents, and when attended by native 

^ For an exhaustive treatment of this subject see Mr, Bakker's paper (in 
Section J) entitled "The Combustion of Tertiary Coal on Ships of the Royal 
Dutch Packet Navigation Company in the Indian Archipelago.” 
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or other labour of inferior physique, they at first gave serious 
trouble; red-hot chimneys and choked-up fire tubes were of frequent 
occurrence. However, all difficulties were in time overcome, and 
the practical as well as scientific way in which the firing problem 
of the Scottish boiler has been solved, resulted in considerable 
financial saving. The results were obtained in the first place by 
paying minute attention to the air regulation, i.e., accurately fixing 
the proper ratio of the primary to the secondary air, and in the 
second place by decreasing the length of the grate, thereby facilita- 
ting the task of the native fireman and enabling him to cover the 
grate evenly and avoid bare patches. 

A third improvement was effected by increasing the height of the 
fire bridge in such a manner as to leave only a narrow annular-shaped 
passage for the flue gases between the firebridge and the roof of the 
flue, thereby forcing these gases to spread out and travel over the 
red-hot firebridge in the form of a thin sheet. History repeats 
itself; the difficulties stated above were experienced by British 
engineers a century ago, and a glance at the numerous patents 
taken out at that time show that the remedies suggested to cure the 
evil were in principle the same as those applied now. 

As may be gathered, the firing of Dutch East Indian coal in Scottish 
marine boilers has now’ been raised to a fine art. The saving in fuel 
obtained by paying close attention to the points enumerated above 
is clearly demonstrated in the results given below of comparative 
tests taken on board of one of the vessels of the Royal Packet 
Navigation Co 

TABLE IV 


Date* of trial 

. . November, 1924 

November, 1925 

Name of ves.sel 

Duvmaer van 'luist 

Registered tons 

I.U30 


I H.P of engine 

l,:i73 

1.358 

Boiler pressure in lb per sq. in 

100 

160 

Fan pressure in in 

1 

S in. 

Air draught above fire 

t in 


,, ,, under grate 

^ in. 

i HI. 

Fire bridge construetion 

. . usual 

semi-circular 

Surface of grate expressed in percentage 


of total available area . . 

li^OO per cent. 

- 75 per cent. 

Surface grate in square metres 

1.10x0,95 

1.25x0.9 

Speed in miles per hour 

115 

11-9 

Draught of ship m dM | 

40 

47i 

36 

45 

Coal consumption — 


(a) 'per P.K hour in Kg 

0-96 Kg. 

0-76 Kg. 

(b) per geogr mile in tons 

0 51 ton . . 

0-345 ton 

Hand Firing in Locomotive Boilers 


Although one quarter of a 

million tons of Dutch East Indian coal 


is still burnt annually in locomotives, it needs no expert knowledge 
108 



DUTCH EAST INDIES: METHODS OF BURNING COAL 

to find out that for a locomotive with its cramped boiler construc- 
tion, its vibrating grate and at times abnormally high draught, 
Dutch East Indian coal is no ideal fuel. Not only is there no 
adequate provision made for burning the gases, but much small coal 
finds its way unconsumed to the ashpit and through the chimney. 
For heavy traction and express service an excellent substitute has 
been found in briquetted coal. 

Hand Firing in Stationary Boilers 

In Lancashire or other similarly constructed boilers with long 
narrow furnaces, hand stoking may be adopted with some measure 
of success; in water-tube boilers the unfavourable design almost 
precludes satisfactory working. If we consider the much prevalent 
so-called W.I.F. type with natural draught, slightly inclined water 
tubes, and ordinary fire-bar grate, immediately above which the 
water tubes are situated, we find that the liberated gases rise almost 
vertically above the fire and are cooled down by striking the cold 
water tubes before ignition has taken place, thus escaping uncon- 
sumed through the chimney. Increasing the size of the combustion 
chamber, b}^ increasing the distance between the grate and the tubes, 
has only brought partial relief, on account of the difficulty experi- 
enced in introducing secondary air above the fire in such a manner 
as to obtain a thorough well mixed and igmtable gas. 

Mechanical Stoking 

Mechanical stoking had to be resorted to in these lands, as in other 
countries, to burn small coal in an efficient manner. With rare 
exceptions, experience has only been gained with water-tube boilers, 
so that the following remarks only hold good for this type of steam 
raiser Various systems have been tried, of which may be men- 
tioned the sprinkler, the underfeed and the travelling grate. 

Results With Sprinkler Grate. The sprinkler grate has now had to 
be abandoned. Knowing the difficulties encountered with the pro- 
vision of secondary air this need cause no surprise. Experience 
gained with stoking apparatus within the last few years has forced 
us to readjust our views somewhat, and the unanimous opinion 
held by experts to-day is that with the gassy fuel in question only 
stokers constructed on the coking principle will yield satisfactory 
results. 

Results wtth r ravelling Grate. The travelling grate stoker is 
largely in use in central stations. Especially the modern type with 
compartment firing, when fitted to C.T.M. boilers provided with 
suspended fire-brick arch, and when operated with combined forced 
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and suction draught has given excellent results, as may be gathered 
from the following particulars abstracted from the officiaUy con- 
ducted boiler trials at the Taajeh Powerhouse of the Ombilin Mines 
m February, 1925. 

TAliWi V 


ManufactunT ol boilers, Stork Bros. 

Type, C T M I3abcock and VVilco.x 
Heating surtate (a) of boiler, 615 M- 

,, ,. (b) of superhcatei. 220 M- 

,, ,, (r) of economiser. 371 M- 

(Irate type, travelling droplink 
Draught, combined toned and suctn ii 
Steam pressure, 13 5 atm 

Steam temperature, x-fhO C iiicliidiii}^ 165‘C o! -uperheat 
Tnal Mo 1 

Idiel analyses 


-hale 


hixed c ai 1 on 
Volatiles 
\N ater 
Ash 

Calonfir \ aliie in cal 
Kesults- 

Steam raised juM hour 
Steam raised per hour per M- heating 
surlace 

Evapoi atjoii , re steam liiil 
Fuel burned in Kg pi r tnair per M“ 
grate surlact 

Kliiciencv of boilers with superheater 
and economise! 

Excess air 


(Jmbihn < 

(I — . 0 mm 
3d 6(i pci cf 111 

33 N 
7 Kt) 

IlMO 

5.607 

16, 052 Kg 

26 1 

5 54 Kg 

I3H 

74 77 per cent 
3K 


11 

( 'mbiliii smalls 
0- 30 mm 
4d 20 per cent. 
38 60 
7 50 
4 40 
7.12.' 

I5,H41 Kg 

25 8 
7 44 Kg 

101 

78 92 per cent 
40 


Results ic'ith Underfeed Stokers In this connection it may be of 
interest to mention that underfeed stokers were tried wdth Ombilin 
fines the author as far back as 1918 For tins purpo.se an 
existing Stcinmoller water-tube boiler was equipped with an F type 
underfeed stoker As may be gathered from the figures given in 
Table VL, the results as regards increased duty and efficiency were 
very encouraging. 

The difficulties experienced at the Sawah Loento Powerhouse 
when firing small coal repeated thein.selves at the 'J'elok Hajoer 
central station of the Ko\al Sti'ain Packet Navigation Co In this 
case also the installation of :.n underfeed stoker brought double 
relief, for not nnl\- did it enable this compiany to (ris[)ose of its 
inferior coal, hut a net gain in efficiency of about 9 per cent, could 
be registered in favour of the mechanical device, .iS shown in Table 
VII. The similarity of some of the results (fi)tained at Sawah 
Loento m 1918 and at Telok Pajoer in 1926 is indeed very striking. 
The question, which of the two types of stokers, underfeed or 
travelling grate, is to be given the preference for Dutch Last Indian 
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small coal is not easily answered, as working results from a modem 
boiler installation equipped with underfeed stokers are not available. 
Notwithstanding this absence of comparative figures, the author 
favours the underfeed type, which, according to his opinion, possesses 
all the essential features to ensure success with the gassy non-baking 
fuel in question. This opinion is shared by the engineering staff of 
the Royal Packet Navigation Co., who arc fitting out their new ships 
with water-tube boilers equipped with underfeed stokers. 

I'AIil.K \ I 


COMrAKISON JUaWEKN HAM) MJtlNC, ANJJ 
MllCHANK AL FIKINti 


Locality 

Power Jlniise at Sriwal 

1 Loento 

Date 

.\'o\ ember 

. MJ20 

December, 1918 

Type of boilei 

Sbunimillc 

r water tiilx 

Stcinmiiller water tube 

Mode of tiring 

Hv hand 


Mechanically 

Type of grate 

Kndlitz ydiilfs 

Underfeed, type E 

Draught 

( 'omhineil 

natural \Mth 

Combined natural with 


forced by 

steam lets 

forced by fan 

Heating surface ol boilei i 

III M- 

2A2 

242 

Heating surface of su] 

|u-t- 



heater in M- 


HO 

80 

Grate surface, in M- 


4 4 

6 4 

Fuel 

« )nibiliu mi\ed fines JO 

( )inbilin mixed fines 30 


yxr cent 

Iroin 10 to 

per cent, from 10 to 


.10 iiiin , 

TOyai tent 

30 mm , 70 per cent. 


h ss than 

10 mm 

less tlian 10 mm 

Approximate analysis ot 

luel 



Fixed carbon 


40 2 

45-7 

Volatiles 


31 4 

35 8 

Ash 


10 1 

10 3 

Moisture 


0 3 

8 2 

Calorific lower ^ alue 


5.720 

5,580 

Evaporation per hour in 

Kg 

4 4H0 

4,715 

Evaporation per hoiii in 

Kg 



per M“ heating siirf.ii'C 


is 4 

19-5 

Evaporation yier Kg ol f 

nel 

f) 35 

5 86 

h'uel burnt yier hour yu-r 

M- 



grate surface 


1 00 

125 

Overall elhcieiicv ol boiler 



and superheater, yier ( i 

•nt 

Of. 5 

72 


1 AIlLh 

: vn 


COM 1 ’A K 1 SO N H 1 /r\N HE 

N HAND FIRING AND 


M ECH ANICAL FI K 1 NG 


Locality 

1 

\nver House 

at Teloek Bajoer. 

Date 

M 

ay, 1020 

July, 1926 

Type of boiler 

B ^ W 

^ W T 1 ' 

B -1 \V - W.I.F. 

Mode of firing 

By hand 

Mechanical 

Type of grate 

Ordinary bar grate 

Underfeed type E 

Draught 

. Suction 


Combined suction and 




forced 

Heating surface of boiler 

in 

140 

146 

Heating surface of superheater 



in M» 


41 

41 

Grate surface in M* . . 


2 60 

2-97 
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Fuel 

Rantau Pandjang 

Rantau Pandjang 


lumps (above 28 mm ) 

smalls (0-9 mm.) 

Approx, analyses of fuels — 


r 

Fixed carbon 

49-10 

43-85 

Volatiles 

34-78 

31-74 

Ash 

4-40 

11-01 

Moisture 

11-72 

13-40 

Calorific lower value 

5,993 

5,622 

Evaporation per hour in Kg. 

2,272 

2,143 

Evaporation per hour in Kg 

per M“ heating surface 

15-6 

14-5 

Evaporation per Kg. of fuel . . 

5-54 

5-83 

Fuel burnt per hour and per M* 

grate surface 

152 

124-5 

Overall efficiency of boiler and 

superheater, per cent. 

62-86 

72 


Special Methods of Firing Fines 
As already mentioned, neither hand firing nor mechanical firing gave 
satisfactory results with "fines,” so that to dispose of this material 
to advantage recourse to other firing methods had to be made. 

Briquettes. If we again turn to the author’s paper, "Fuel Power 
in the Dutch East Indies,” we find the following remarks bearing 
on this subject: 

"After many experiments with indifferent success a thoroughly 
satisfactory, hard, serviceable briquette, manufactured from Boekit 
Asam and Ombilin fines with 6 per cent, pitch as binding material, 
was placed on the market. 

"Firing trials in marine and locomotive boilers gave excellent 
results The verdict of the Royal Dutch Navy, after exhaustive 
trials, was: ‘Firing qualities of Boekit Asam briquette up to Cardiff 
steam coal standard.’ ” 

During the year 1927, the briquette factory turned out 115,000 
tons of briquettes, the Government railways being the principal 
consumers. The briquette is oblong in shape, measuring 220 X 1 10 X 
95 mm , and weighs 2 8 Kg. Its gross calorific value as supplied 
to the State railways lies between 7,500 and 8,200 calories. 

A fairly representative approximate analysis of this fuel is: — 

Fixed carbon 65 per cent. 

Volatiles . . . . 25 „ 

Ash . . . . 6 

^ Moisture . . . . 4 „ 

For heavy traction and express service especially, the briquette 
has proved its worth. 

The substitution of Ombilin coal by briquette fuel brought many 
advantages, of which the following may be mentioned: 
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(fl) The evaporative capacity of the locomotive boiler could be 
increase'^ by more than 20 per cent., and at the same time the 
draw bar pull of the locomotive could be increased right up to 
the limit imposed by the tractive weight, so that higher speeds 
of larger train formations could be adopted, (b) Owing to the 
superior qualities of the briquette a saving in weight of fuel of 
approximately 16 to 20 per cent, was effected. 

Besides these, the following minor advantages may be mentioned: 
no liability to spontaneous combustion; cleanliness in handling and 
in firing; larger storing capacity; and absence of deterioration, as 
the briquette is impervious to water and retains its compact form. 

Pulverised Fuel. The question of powdered fuel has occupied 
the minds of combustion engineers in this country for a good many 
years. On account of its gassy nature and the high melting point 
of its ash, it was thought that Dutch East Indian coal would be 
pre-eminently suited for firing in the form of powder. The author 
reiterates the opinion that the most rational and efficient way of 
burning Dutch East Indian coal is to fire it in the form of powder. 
By adopting this method of firing, the peculiar property of the 
coal, to disintegrate, is turned to profitable account, the crumbling 
process initiated by nature being completed in the pulveriser at 
minimum cost. It is not saying too much to suggest that powdered 
coal firing offers many possibilities to Dutch East Indian coal, and 
may be the means of greatly enhancing its value as a fuel. 

An installation was ordered as far back as 1923, but owing to 
regrettable occurrences at home, amongst others litigation between 
maker and agent, the starting of the plant was much delayed, and 
could not take place until September, 1926. Viewed in the light 
of modern practice the installation presents no interesting features, 
and no useful purpose can be served in giving a detailed description. 
Suffice it to say that two existing Steinmuller water- tube boilers, 
each having a heating surface of 250 M^, were detailed for these 
trials. For this purpose these boilers were provided with a spiecial 
air-cooled combustion chamber of about 30 contents. As shown 
in Fig. 2, the fuel is introduced in this space by only one burner 
placed on the fore- top side of the said chamber. 

The refractory material used for the walls consists partly of fire 
bricks containing 40 to 42 per cent, of AlgOg having a melting point 
of 1,770 to 1,790°C., corresponding to Seger cone No. 35-36, and 
partly of firebricks containing 25 to 30 per cent. AljOg having a 
melting point of 1,690 to I,730°C., or corresponding to Seger cone 
No. 31-33. 
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Each boiler has its own pulverising mill, combined with fan for 
effecting the mixing of primary air with the powdered «)al and 
delivering it to the burner. The secondary air is solely dependent 
upon the natural draught of the chimney, and after circulating 
through the cooling channels in the side and front walls enters the 
furnace at the front side of the boiler, as shown in Fig. 2. Attention 



is drawn to the fact that the back wall and the tapering walls 
leading to the ashpit are not cooled. 

The installation was bought under the following guarantees; (a) 
When using Ombilin mixed fines of usual class and analysis the 
evaporation ran be augme nted from 3,750 to 6,250 Kg , rorn*sponding 
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to an increased output of ± 67 per cent, of the boiler plant. (6) 
When fijing in an approved manner a CO 2 not less than 15 per cent, 
shall be maintained without causing damage to the combustion 
chamber, and the combustibles in the ashes shall not exceed 2 
per cent. 

The trials on both boilers together were started in October, 1926, 
At the initial stages of working many difficulties were encountered; 
especially the incipient fusing of the ash, which settled in the 
form of a large cone on the tapering wall beneath the burner, there- 
by causing frequent interruptions in the operation A great im- 
provement in the performance of the furnace was obtained by 
(a) Decreasing the speed of injection of the powdered fuel, (b) 
Augmenting the draught, thereby increasing the vrjlume of secon- 
dary air, which in its turn acted favourably on the temperature of the 
walls of the cfimbustion chamber, and (c) Removing the lower part 
of the tajiering walls ot the combustion chamber, thereby precluding 
the formation of ash cones in this locality 
As may l:)e judged from the detailed description of the trials 
(Table VIII ), the ultimate results W'ore satisfactory and in several 
ways e.xceeded expectations. In this respect attention is specially 
drawn to 

{a) The unusually high rate of evajioratioii with this type of boiler, 
which could be augmented from 15 Kg jier M- heating surface to 
24 67 Kg per M^, signifying an increase in boiler capacity of 64 
per cent 

(^) The increased efficiency of the boiler from 65 per cent, when 
hand fired, to 83 jier cent, when jxiwder fired, after making a liberal 
allowance for the power absorbed by auxiliary machine^ 3 ^ 

(c) The satisfactory combustion obtained, as demonstrated b}^ 
the high COg contents averaging 14-7 per cent and the almost 
entire absence of combustibles in the ashes 

(d) The very satis factory results obtained with fines containing a 
large percentage of ash (Trial 1, Pocloe Laoet mixed, with 20-5 
per cent, of ash), 

(e) The fact that, contrary to results obtained elsewhere, a degree 
of fineness of the powdered coal corresjionding to 65 per cent. 
(200 mesh) proved satisfactory for all practical purposes. This 
favourable result is no doubt due to the volatility of the coal in 
question. 

Further advantages of powdered coal firing are the flexibility of 
the boiler on varying loads, and the small amount of attention 
required. Incidently, it may be mentioned that the costs involved 
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in modifpng existing boilers for powdered fuel firing is prohibitive, 
and on this score the process is not universally to be recommended. 
A further disadvantage is the high cost of maintenance of the 
air-cooled combustion chamber, the refractory material having to 
be renewed after only approximately 10,000 working hours. 

The conclusions arrived at, after several months' working with the 
plant, are that Dutch East Indian coal is an ideal fuel when fired 
in the form of powder, but in order to obtain the full advantage of 
the system it should preferably be fired in specially designed boilers. 


Maniifacturer of boiler 

TABLF Vlll. 

Werkspoor 

Type 


Steinmuller watertube 

Heating surlacc — 

(a) of boiler 


2.50 m^ 


(fti ol superheater 


80 m- 


(r^ of economiser 

Dimensions, combustion t hamber 

100 nV'' 
30 Ul- 


Draught . 


na 111 ral 


Date of trials 

20 ()-’27 

O-I l-’27 

10-1 l-'27 

Duration 

5 hours 

G hours 

G hours 

Fuel 

Name and class 

1* T.aoet mixed 

B \sam mixed 

Ombilin fine.s 

Approximate analysis 

0 30 mm 

0 30 mm 

0- 15 mm 


TVi cent 

IVr cent 

Per cent 

Fixed carbon 

3H 8 

4.5 

47 4 

V'olatiles 

30 3 

37 0 

37-9 

Ash 

20 5 

7 7 

7 4 

Moisture 

10 4 

9 4 

7 3 

Net calor value, in Kg cal 

Weight fired during Inal in 

Kg 

8.532 

9,1.50 

10,000 

Weight fired per hour (in 

bolii boilers) 

1, 700 

l,.52.5 

1 . 666 

Degree of moisture tif powder 

Degree ol fineness, average 
(mesh of 200 to the linear 

inch), per cent 

80 

84 

85 

Ash and Chnhcr 

Approximate analysis— 

IVr cent. 

IVr cent 

Per cent 

Fixed carbon 

0 2 

00 

01 

Ash 

98 8 

100 

99-9 

Weight in Kg 

828 

1 10 

274 

Flue gaics 

Carbon dioxuh — 

fa) highest valiu- per cent 

15 

10 

17 

{h) mean 

12 

14-4 

14 7 

(c) lowest 

-- 

I2-.5 

14 

Temperature at chimney 

base in 

152 

158 

170 

Temperature before econo- 

mi.<er “C . . 

230 

242 

255 

Smoke density 

light yellow 

yellow grey yellow to white 

Suction in chimney in mm. 

12 to 13 

12 to 13 

12 to 13 

,, at boiler outlet 

10 to 1 1 

10 

10 

,, in combustion chamber 2 

2 

2 

,, in ashpit 

3 

2 

2 

,, in cooling channels 

1 

1 

1 
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Temperature in boiler house. 


average in ®C 

33 

32 

32 

Feed ibaier 




Temperature before econo- 
miser, ®C. 

Temperature after econo- 

40 

59 

56 

miser, °C. 

90 

97 

100 

Weight in Kg. 

51,890 

66,132 

73,997 

,, per hour 

10,378 

1 1,022 

12.333 

.. perm‘d 




heating surface 

20-75 

22 

24-67 

Steam 




Pressure m Kg. per cm® . . . 
Temperature of saturated 

13-4 

13-2 

13-3 

steam, °C 

Temperature of superheated 

195 

194 

195 

.steam, “C 

295 

352 

351 

Vafious measurements 




Temperature of combustio.i 




chamber (measured at 
place of highest tempera- 
ture) ‘‘C ... 

1.450 to 1.500 

1,550 

1,550 

Temperature in ashpit, °C.. 

1.100 

1.350 

1,300 

Ileal account 

I\*r cent ■ 

Per cent 

IPer cent 

Net calorific N'aliic pei Kg. 




of fuel 5.234 

6.1 33 

6,344 

Heat used f<ir steam laising 
Heat absorbeil bv water in 

856 100 

849 100 

857 100 

boiler 

Heat absorlu'd by water in 

576 07-29 i 

6)07 7 I 50 

610 71-1 

economiser 

50 5 H4 

38 4 48 

44 5 13 

Heat absorbed bv steam in 




superheater 

Heat lost bv unbuint car- 

54 0 31 

84 9 89 

84 9 80 

bon in ash 

0 0-00 

0 0-00 

0 0-00 

Heat carried away by pro- 
ducts o1 ciimbustion 

Heat lost in (a) red hot 

56 6-55 

50 5-89 

56 6-50 

clinker and ash. (h) radia- 
tion 

120 14 { 

70 8 24 

63 ; 7-39 


850 100 * 

849 100 

857 1 100 

L 

Deductions 

1 



Water evaporated per hour 




^both boiler.s) . . 

10,378 j 

1 1,022 

12,333 

Water evaporated per m® 
heating surface 

Water evaporated per Kg. 

20 75 ‘ 

22 

24-67 

of fuel as fired 

6 OR j 

7 227 

7-4 

Rate of combustion per 
hour (both boilers) .j 

Overall efficiency of boiler 

1,706 j 

1.525 

1,666 

with economiser and 
superheater, per cent. .j 

i 

79-44 

85-87 

i 86-11 

Excess of air, per cent 

50 

34 

32 
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ZUSAMMENFASSUNG 

Nach kurzcm t)berblick iiber Vorkommen und Verteilung niederlandisch- 
indischer Kohlen folgcn statistische Angaben iiber Erzeugung und Verbrauch. 
Der iibrigc Teil des Benchtes ist hauptsachlich der Besprechung der ver- 
schiedenen Mcthodcn der Verwendung dieser Kohlen zur Erzeugung von Damp! 
gewidmet. Diese Kolilen, die aus dem Aozcn stammcn, weiscn meist hoch- 
ftiichtige Bestandteile auf. Sie sind ausserst sprode und verlangen bcsondere 
Behandlung. Das befnedigendste System der mechanischeii Fcucning ist 
die Unterschub-Feuerung. Die Kohlen lasscn sich unter Verwendung von 
Pech als Bmdemittel zu Bnketts von befnedigender Cute verarbeiten, als 
ideale Verbrcnnungsweisc wird jedoch ihre Verbrennung als Staubbrennstoff 
angesehen. Der Bericht enthalt 8 Tabellen, die sicli grosstenteils aid Ver- j 
suche mit verschiedcncn Kesselty'pen beziehcn, bei denen niederlaiuhsch- 
indische Kohlen erprobt wurdrn. 
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1NTR( )DUCT1UN 

In Korea veiw liltle attention has been paid to geological survey- 
111 }^, conseijiK'inl) , the peiinisiila is iiiulerslood to be a territory 
lather jioorlx endowed with minerals and coals, excejit for a few 
gold mines developed by foreign capital Since the annexation 
of the kingdom to the Japanese Empire, great pains have been 
taken, directed towards the development of its natural resources, 
which have resulted in the discoverx of sex oral minerals, such as 
molx hdenum, tin, iron, and some rich gold ores, and especially coal 
fields, the deposits of which are estiniated to amount to not less 
than 1 30,()0(),(KK) tuns It is exjiecled that a further exploration 
will double this ligure. so that the total coal deposits in Korea will 
he found to amount to 40 per cent, of tliose in Japan proper, which 
are estimated at K,(XXJ,(X)0,()(XJ tons 

In this territory practically no bituminous coal exists. Owing to 
the lack of knowledge and experience of the utilisation of these 
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varieties of coal, the fuel for railway traction and other industrial 
purposes in Korea is almost entirely coal from “Kyushu’’ (south- 
western island of Japan proper) or from the Fushun colliery in 
Manchuria. In either case, transj^ortation several hundred miles 
by rail and water is necessary, and the amount thus imported 
reaches 80 per cent, of the total used, lAz., 700,000 to 800,000 tons 
annually, naturally making the fuel there extremely expensive. 

The Fuel Research Institute of the Korean Government 
was established in 1922 for the purpose of exploring the most 
efficient means of utilising these native coals for industrial 
purposes, so as to make Korea entirely self-supporting as to 
fuel, and thereby lay the basis for the promotion of industry in 
the peninsula. This paper is intended to give a brief interim 
report of experimental researches conducted, in the Institute for 
the purpose of accomplishing these objects. 


i_korean anthracite 

Pulverised Fuel Firing 

Korean anthracites arc principally Palaeozoic in age, a few 
being Mesozoic. They are located at numerous places in the 
peninsula, as shown by the oblique hatching on the map (Fig. 1), 
the total reserve being estimated at about 8(X),(XX),(XX) tons. The 
mines actually developed at present are confined to those in the 
“Heijo” coalfield in the middle west, where the anthracite gener- 
ally occurs in lenticular form and is produced in a fine state of 
division; the volatile matter contained is generally from 6 to 8 
per cent., and in some instances it is as low as 3 per cent., as 
shown in Table I. 

These facts make it imperative that the anthracite should receive 
special preparation in order to use it as an industrial fuel. It has 
long been used for briquetting or mixing with bituminous coal, but 
the recent development of pulverised firing has suggested the 
adoption of this method for the efficient utilisation of anthracite 
as boiler fuel. 

The preliminary experiments carried out in the laboratory 
showed that, when pulverised, even anthracite containing only 
3 per cent, of volatile matter could be completely burnt without 

120 




Fig. 1 
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any kindling mixture, so long as the moisture content was reduced 
to not more than 1 per cent. But at the same time, it \^as found 
that the fusing point of the ash was about 1,300°C This fact in- 
dicates that some special precaution must be taken to reduce the 
furnace temperature in order to prevent ash trouble, as is generally 
the case with pulverised firing applied to boilers 


TAHLh 1 

ANALYSIS CM' S(M\IE PRINCIHAL ANTHRACITES 



Name- 

' 1 

Volatile 

1 ixed 



Calorific 

Dis- 

of 

1 Moisturej 

matter 

carbon 

Ash 

bulpliur 

value 

tnet 

Coal 

' per cent 

per cent 

per cent 

j)cr cent 

per rent 

Calori es. 

— . — 


— 


— _ 


. - 


□ 

J unseii 

1 61 ' 

4 25 ' 

85 55 

8 58 

1 40 

6679 

^ u 

Taisei 

0 8:{ 

{) .M 

8(1-07 

3 76 

0 60 

7323 

Koto 

.f 25 ; 

() 50 

76 32 

13 03 

0 60 

6567 

Sx 

Kosei 

A\A 

3 80 

81 40 

1 1 -58 

1 10 

7252 


Jido 

1 l.'l 

[) (>l 

81 13 

8 13 

0 70 

7685 


Tailio 

3 63 

6 55 

70 .57 

10 25 

0 74 

7180 


c= t 

Bun.scii 

4 41 

3 31 

87 83 

4 45 

0 40 

8010 

fd «a- 

K arisen 

1 03 

, 5 53 

' 80 06 

3 78 


6568 

G 

^ — 
ac o a. 

Neiftsii 

1 l(» 

7 ()4 

()5 42 

1 

i 

25 78 

0 84 

4956 

-1- 

^ ^ u 

T»iinUei 

2 80 

1 

i 

5 67 

70 81 

20 72 

0 87 

5589 


With this object in view, a senes of expen meiils on jjulverised 
anthracite firing ha\ e been carried out w ith a ICK) B H. I * '‘Takuina” 
boiler, the general construction of which is shown in h'ig. 2. 
w ith the anticipation that the extraordinarily quick heat-absorbing' 
capacity which characterises this boiler might overcome the 
trouble caused bA- the fusing of ash. 

Boillk Tests 

Of various firing tests, which lasted for about four months, 
the results of twTi typical ones (A. — full load lest; B. — half load 
test) are summarised below ; — 
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TABLE II 

ANALYSIS OF RAW ANTHRACITE 



Test No A 

Test No. B. 

No of Test. 

per cent. 

per cent. 

Moisture 

6-775 

5-261 

Fixed carbon 

... 80 000 

78-100 

Volatile matter . 

.1 6-697 

8 090 

Ash 

12 700 

13-400 

Sulphur . 

' 1-161 

1-050 

Calorific value 

Calories 
7271 0 

Calories 

7249-7 


TABLE HI 

1 INENESS OF PULVERISED vVNTHRACITE USED IN 

THE TEST 

Tlirough 


IVr ( ent 

Per cent. 

200 mesh 


87 1 

97 5 

1 60 mesh 


S14-8 

98 6 

100 mesh 


97 0 

98 9 

60 mesh 


99 6 

99 2 

Temperature <if pulveri.scd anthracite, 

"C 

60 75 

52 4 

Moisture in dried anthracite, per cent 


0 ()03 

0 410 



T\BLE 1\ 



PAK riCl L-XKS Oh PI 

LVEKISl'D ANTIlKAClTr. 1 

JRTNt; TEST 

Number ol 

lest 

Test A 

Test B. 

Rate of combustion per hour in kilos 

1()4 6 

87 72 

Kate of combustion Tier hour in lbs 

M) t 0 

193 5 

Ditto per of combustion 

chamber/ hour kilos 

20 7» 

1 11 066 

Ditto Tier cu ft of combustion chamber hour. 




lbs 

1 2‘ 

)5 0 69 


\ 

1 235 

1402 


i; 

1 425 

1387 


C 

1450 

1342 

Temperature in deg t' 

of Com- 1) 

1227 

1 179 5 

bustion gas at sever,! 1 

parts of 1£ 

1 1 95 

1057 3 

the Paths 

V 

547 

433-6 

(See I'lg 2). 

t; 

392 

367 


H 

284 

296-5 


K 

229 

210 


L 

173 

156 


J^rimary air/secondary air -14 8 fi '8 

Excess air, per cent 1?4 46 

Evaporation/kilo of dried anthratite 8 610 7 675 

Equivalent evaporation/kilo of dried anthracite 11 00 9-99 

Percentage of COa in flue gas 14 5 12 00 

Boiler horse-power developed 118 6 55-98 

Boiler efficiency, per cent I 82-20 74 29 
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Fig. 2. “Takuma" Boiler. 
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The pulveriser used is of the "Aero" type, and the primary air 
here means the amount of air carried into the burner with the 
pulverised fuel. Secondary air is the air supplied through the 
combustion chamber door or ashpit door. 

Both the tests A and B were carried on for eight or nine days 
continuously, and the record above given is the mean of observa- 
tions during this steady firing, which lasted for 86 hours in test A, 
19 hours in test B. 

In these tests it has been materially proved that Korean anthra- 
cite can be burnt in a boiler most satisfactorily by pulverising. 
During the first twelve to twenty-four hours from the start, soft 
whitish ash in granular state was seen gradually covering side 
walls of the combustion chamber and dropping into the ash pit. 
This ash was found to be quite easy to remove, but after the brick 
walls had been heated sufficiently, although the rate of combustion 
was not any higher than in ordinary pulverised firing, the fused 
ash began to stick on the side walls, and to accumulate at the ash- 
pit entrance, where it solidified into a firm and hard block under 
the cooling action of the air, until it became practically impossible 
to work the boiler continuously longer than a week, unless the 
firing was temporarily stopped for the purpose of ash removal. 
The same condition prevailed even in the case of half-load test 
(Test B). 

“Takuma" Boilkr 

It can, therefore, be inferred that the trouble caused by the 
fusion of ash is not due to the rate of combustion, but to the 
temperature generated by the combustion of fuel In consequence, 
it was concluded that the best means of preventing ash trouble 
was to arrange water-circulating tubes inside the walls of com- 
bustion chamber, so as to absorb the radiant heat quickly and 
efficiently. This practically means an entire alteration of the 
construction of the boiler and combustion chamber, thereby entail- 
ing a fairly large expenditure of time and money. Consequently, 
as a temporary means of finding the effect of quicker absorbtion 
of heat from the combustion chamber, it was decided to increase 
the area of water-tube surface exposed to direct flame by shifting 
the fire-bridge backward, and. at the same time, to construct the 
side walls with an air-heating space, whence the heated air was 
introduced to the pulveriser to serve as the primary air for the 
combustion of fuel. Tliis arrangement is shown in Fig 3. 
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This alteration resulted in increasing the volume of the combus- 
tion cha^j^iber by about 50 per cent., and eventually reducing the 
rate of combustion per unit volume of the chamber. In this way, 
the heat evolved by combustion could be absorbed more quickly by 
water and air, while this heated air has the effect of shortening 
the time required for ignition; that is to say, the length of flame 
(or fuel jet) between the nozzle mouth and the point of com- 
plete combustion is shortened, in addition to the diminution of the 
percentage of unbunit carbon. Of course, it is not maintained 
that this is the only remedy for the ash trouble, but to be a slight 
improvement on the original design as far ash fusion is 
concerned. 

The result of firing test with this reconstJ ucled cuinbustion 
chamber showed that the highest temperature attained was no 
higher than 1,300'^C., and the boiler could be worked for a 
fortnight without stopping the firing fo'" the purpose of ash 
removal But a rather unsatisfactory path of (lame and a con- 
sequent decrease of transfer of heat to water resulted in raising 
uselessly the temperature of the flue gas, and eventuall} slightly 
lowering the boiler efficiency. 

So far, we are confident that Korean anthracite of anv descrip- 
tion can be satisfactorily burnt in boiler.^ by pulverising, provided 
that the fuel is properly dried to less than 1 per cent moisture 
content ; and it only remains to prove that the final remedy for 
ash trouble is the adoption of tube-wall construction of the boiler 
furnace. 

Fortuiiateh , the Korean Flectncal F.nterprise Co., who have 
been burning [luKeri^ed anthracite rather unsatisfactoiily for 
several years, have recenth decided to reconstruct one of their 
boilers to the lube-wall system in accordance with our advice, and 
we trust that tins improvement will prove satisfactrwy 


lI-~L()\V-Th:Ml^ERATURK CARHoNM.SATlt )N OF 
BROWN COAL 

Brown coal occurs in Tertiary coal measures, and is mainly 
located on the north-eastern border of the peninsula, but it is also 
found ill the central district and on the south-eastern coast. These 
measures are shown by vertical hatching on the map (Fig. 1). 
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'The recent survey of about one-*third the area of this north- 
eastern coalfield disclosed a reserve of not less than 400,000,000 
tons, and the total probable reserve is expected to be over 
1,000,000,000 tons. 

Naturally, the principal brown coal mines developed are located 
in this district. But the coal mined there suffers weathering 
to a considerable extent during storage. Within five or six weeks, 
15 to 20 per cent, of coal is converted into fines, which are 
regarded as worthless as fuel This characteristic property, com- 
bined with the poor transportation facilities in this district, prevents 
the brown coal from being widely consumed in the industrial 
area, and at present only about 40,000 to 50,000 tons annually are 
utilised for supplying the local demand. However, the high 
percentage of volatile matter contained in the brown coal, as 
shown in Table V, will produce a large yield of tar by carbon- 
ising it at low temperature, while the resulting semi-coke can be 
satisfactorily burnt in boilers, if pulverised. 


TABLE V 

ANALYSIS OF SOME OF THE PRINCIPAL BROWN COALS 



Name 


Volatile 

, Fixed 


1 

Calon/ic 

Dis- 

of 

Moisturei matter 

carbon 

Ash 

1 Sulphur 

value 

tnet. 

Coal 

per cent | 

per cent 

j per cent. 

1 per cent (per cent 

1 Calorics. 

_o 

Onjo 

1 

16-32 

37 92 

1 

41-47 

i 4 29 

_ 

1 

5163 

"a t 

Agochi 

13 90 

41-87 

33 74 

10 49 

i 0 34 

5536 

•c^ § 

Kwainei 

n 94 

40 1 1 

, 38 37 

9 58 

— 

— 


Kcinn 

13 09 

42 26 

, 40 78 

3 87 


6150 


Hogi 

14 17 

43 18 

1 37 20 I 

5 45 

' — ' 

5821 

£ 0*^ 

Seikirei 

17 74 

43 16 

30 82 

8 28 



— 

Kisshu 

16 50 

1 39-04 

1 32 41 ! 

! 1 2 05 

3 18 

4834 


Meisen 

3-41 

24 50 

66 89 

5 20 

! 0 26 

7761 

e d 

Kanko 

11-65 

j 

45 40 

' 

34 23 

1 

i 8 72 

1 

0 45 

6050 






! 

j 

1 

1 

Kcgen 

Do 

Tsuusen . . 

15 80 

: 35 18 

i 

j 

1 27 12 

21 90 

0 45 

i 

: 4155 

" c 

Anshu 

14-77 

40-56 

1 36-59 

8 08 

0 21 

i 

5623 

1 

Kokai 

Do 

Hosan 

17-81 

; 32 53 

i 42 45 

7-21 

1 

1 

i 2 18 

1 5254 
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The “Asorbus”^ analysis shows that any variety of this brown 
coal contains more than 12 per cent, of low -temperature tar. 

Therefore, if a special plant, consisting of a low-temperature 
carbonising retort, a semi-coke burning steam power plant and a 
power distributing system, could be established right on the site 
of the mine, and the brown coal utilised by means of these equip- 
ments, it would serve to extract a fairly large amount of crude 
oil, and the essence of coal thus converted into electrical energy 
could easily be transmitted over the peninsula, avoiding the cost 
of the transportation of ash and water contained in the raw coal. 
Moreover, the undesirable effect of weathering could be entirely 
disregarded. 

Simply from an economic point of view, it might be found pre- 
ferable to utilise the coal directly for power generation, without 
passing it through the process of carbonisation. But in our 
country, home production of oil can only barely supply one- third of 
the total demand. Therefore, from a national point of view, we 
ought to utilise all possible resources for the production of oil or 
its substitute, the demand for which is increasing by leaps and 
bounds, quite independently of the amount produced in Japan. 

Tue "AsORflUs" C^RBONISER 

For the purpose of ascertaining the actual result of the carbonisa- 
tion of brown coal, a new horizontal retort of five tons capacity 
was installed in our laboratory, arranged to work in conjunction 
with the "Takuma” boiler for pulverised fuel burning. 

This carboiiiser was designed by Dr. Naito, and is constructed 
as shown in Fig. 4. 

First the charge is admitted through the charging hole A to the 
sieve S, where it is screened into finer and coarser sizes. The 
finer or under-sized products are carried down to the outermost 
threaded drum E by way of hopper B, valve Vj, and feeding 
screw F, while the coarser or over-sized products are introduced 
to the innermost threaded drum I through the hopper C, valve Va, 
and the dust arrester D. The valves and Vj are of special 

^ A special analysis developed by Dr. Naito, in which, by the aid of 
low-temperature distillation, the volatile matter found in technical analysis 
is again analysed into water (originally contained as combined water), and 
permanent gas tar. This is a \ery ii.sefiil way to judge the fitness of coal 
for low-temperature carbonisation. 
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design, and serve to feed a definite amount of coal regularly and 
automafically, at the same time keeping the carboniser absolutely 
air tight. The coarser coal is fed separately for the purpose of 
using it as a tar filter, as is explained later. The green coal thus 
charged is carried forward by means of screwed drums E and I, 
and is mixed together at G Thereafter, the coal travels towards 
the other end of the retort, being continuously agitated by the 
rotation of paddled agitators Pj which revolve with the drums 
I and E at the rate of seven to eight revolutions per minute. 

The carboniser is externally fired, and the agitation keeps the coal 
uniformly heated and accelerates carbonisation. After about 
thirty minutes the coal emerges from the hole H as semi-coke in 
a line stale, while the tar oil distilled out moves in the opposite 
direction through the layer of heated coal in the carboniser, and 
coarser green coal at I and D, and is finally discharged into the 
tar cooler through the pipe T, at the extreme left end of the 
dust arrester. In this way the tar oil is thoroughly filtered by 
the coal layer through which it passes, and is entirely freed from 
dust and any other solid material, so that the tar-cari-ying pipe 
Is always clean, and no clogging occurs even after continuous 
working of the carboniser for several weeks. 

( )n the mine sites everywhere in the north-eastern district, the 
weathered fines are abandoned in heaps and some of them are 
found burning sjiontaneously, yet the analyses of these abandoned 
fines proves that they contain a considerable amount of com- 
bustibles, as shown in Table VI. 

1 ABLE VI 

ANAJ.VSES OE WEATHERED BROWN COALS 


Name of ('oal 

Mf)istnre 
per cent 

Tar 

per cent 

(>as 

per cent. 

Fixed 1 
carbon i Asli 
per cent I per cent. 

1 


“3 Hopi 
^ , Keirin 

g "rt 1 J'Cwaiiiei 

1 .Scikirei 

2G-275 
24 018 
22 12 

IH fUl 

8 733 

10 125 

9 13 

13 10 

15-740 
15 077 
13-02 

1 0 00 

31-925 17324 

37 817 , 12 060 
33 04 ! 22-69 

28 29 1 23-01 




\ olatile 

lixecl 



Name ol ('oal. 

Moisture 
]ier cent 

matter 
]HT cent ' 

carbon 
per cent 

Ash Sulphur 

per cent . per cent 

Calorific 

value 

y ^ ' Keinn ... 

1 8 ri03 

32 557 

31-529 

17 310 0 807 

4903 33 

I8-2(i2 

33 575 

30 102 

12 000 0-960 

5654-48 

: Kwainei 

17 20 

27 fit) 

32 42 

23 69 ' 0-49 

5077 50 

oj 5 Seikirei 

1 2 00 

30 48 

27 61 

23-01 j 1-58 

4542-56 
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Experimental Results 

The first step taken, therefore, was to examine whether these 
apparently useless fines could not be converted into useful fuel 
by the process of carbonising. After some preliminary trials, 
500°C. was found to be the most suitable temperature for the 
treatment of this sort of coal, and four varieties of weathered 
fines were carbonised at this temperature in the “Asorbus” retort, 
the total amount treated being about 25 tons of each. The 
results are as shown in Tables VII, VIII (A), and VIII (B). 


TABLE VII 

CARBONISATION PRODUCTS OF WEATHERED BROWN COAL 


Name of Coal. 


i 

Hogi 

Keirin 

Kwainei. 

Seikirei. 

Duration of test 

when records 





were taken 


45 hrs. 

58 hrs 

56 hrs. 

48 hrs. 




45 min. 

30 min. 


Tons of carbonised coal (total) . 

903 

12 4 

10-92 

8 16 

Tons of coal per day of 24 hours . 

5-04 

4-976 

4 639 

4-08 

Average carbonising temperature 






X. 

500 

500 

500 

500 

Total weight of tar actually ob- 





tamed in kilos. .. 


796-776 

1201 997 

937-074 

997-889 

Percentage of tar obtained on wet 





basis 

. 

8 567 

9-701 

8 581 

12-229 

Percentage of tar obtained on dry 





basis 



10 526 

11-869 

10-364 

14-040 

Percentage of tar/total tar content 

1 




in the distilled coal ; 

1 

98-13 I 

1 

95-84 

93-99 

93-35 

Total weight of semi-coke actually 1 




obtained in kilos 

■ 

I 5131 7 

6823-6 

6560-6 

4831-5 

Percentage of semi- ) 

on wet basis 

1 56 83 

55 10 

60-1 

59-2 

coke actually 
obtained . . . ) 

on dry basis 

69 5 1 

66-5 

1 

72-1 

67-5 

Calorific value 

... Calories' 6576-4 1 

7156-5 

6028 0 . 

5081-0 

Percentage increase ] 






of calorific value 

on wet basis 

34-1 

26-6 

18-7 

11-9 

against original 

on dry basis 

9-78 

4-86 

1-1 

1-4 

coal r. . . . . J 






Volume of gas actually generated 






M=> 

786-20 

1 205 20 

648-30 

964-91 

M" of gas generated 

f on wet basis 

87 07 

97-27 

69-99 

118-25 

per ton of coal 

1 on dry basis 

106-96 

119-00 

84-53 

135-76 

Calorific value of 

generated gas 






Calories/M“ 

5684-6 

6528-2 

i 

6406-3 

6382-0 
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TABLE VIII (A) 

analyses of the products of carbonisation 

(TAR) 


Name of Coal. 





Keinn. | 

Kwainei. | 

Seikirei. 

Specific gravity at 15®C. 

U-9532 

i 

0-9535 

0-9488 

0-9501 






at 22® 

Flash point 

“C 

28-76 

21-48 

20-55 

36-80 

Burning point °C. 

59 83 

25 17 

23-17 

64-80 

Solidifying temp. °C. 

2 25 

2-45 

3-60 

0-65 

Calorific value Calories j 

9242 0 

9808-1 

9859-0 

8969-4 

Free carbon 

percent. 

0-792 

0-271 

0-695 

1-330 

Paraffin 

2-242 

2-194 

3-280 

1-940 

Sulphur 


0-610 

0 658 

0-559 

0-453 

Ash ... 


0-048 

0-062 

0 039 

0-174 


at 15X., 

2 0225 1 

1-8321 

-7076 


Viscosity 

at 20“C.. 

1-6968 

1-6083 

-5343 

1-5121 

by 

at 30'’C. 

1-4747 

1 3863 

-3448 

1-5018 

"Engler” 

at 40“C . 

1-3718 

1-2762 

-2708 

1-3031 


at 50“C 

1 2960 

1 21 12 

1823 

1-2789 


TABLE VIII (B) 

ANALYSES OF THE PRODUCTS OF CARBONISATION 
(SEMI-COKE AND GAS) 




Name of Coal. 



Hogi. 

1 Keirin. 

Kwainei 

Seikirei. 


: 


per cent 

per cent. 

per cent. 

per cent. 


tn cn 

3 S 

Moisture ... 

1-02 

0-992 

0-831 

1-290 



Tar 

0-44 

0-528 

0-418 

0-320 


s s 

Gas 

10-93 

9 500 

6-825 

8-760 


<< 

Fixed carbon . . 

61 91 

67 240 

58-373 

58-170 

Semi-coke 


Ash 

25 70 

21-810 

33-553 

31-460 









r Moisture ... 

0-058 

1-338 

0-633 

1-22 



Volatile matter .. 

13-397 

10 843 

12-617 

10-63 



Fixed carbon 

60-416 

66-875 

53 790 

56-86 


u a 

OP ^ 

Ash ... ...j 

25-626 

20 943 

32 960 

31-29 



i Sulphur ... 

1-211 

1-175 

0-560 

1-75 


Carbon dioxide 

26-200 

20 124 

16-687 

21-187 


Oxygen ... 

1 108 

1 503 

1-350 

1-738 


Carbon monoxide 

4-091 

7-550 

6-131 

4-294 

Gas H 

Hydrogen 

12-946 i 

12-683 

13-973 

9-747 


Methane senes ... 

31-197 1 

46-288 

50 248 

48-140 


Higher hydrocarbons ... 

6-237 1 

6-103 

5-915 

7-485 


Nitrogen 

18 997 

5-746 

5-692 

7 409 


As will be seen from these tables, the tar oil distilled out is about 
95 to 98 per cent, of the the original content, and the semi-coke ob- 
tained is 55 to 60 per cent, of the carbonised fines. The calorific 
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value of the semi-coke is 12 to 34 per cent, in excess of that of 
the original fines, and the pulverised firing of this fuel proted that 
it is the most reliable fuel burnt in a boiler, giving much less ash 
trouble than in the case of anthracite. 

The lightest oil obtained by fractional distillation up to 150°C. 
amounts to 8 to 10 per cent, of the tar oil, and after saturation of 
the unsaturated hy drocarbons contained, the resulting permanently 
clear oil amounts to 80 per cent, of the original distillate, and can 
be satisfactorily used for gasoline engines, while the kerosene 
distilled out between 150° and 250°C., as in the case of natural 
petroleum, is suitable for driving kerosene engines. 

Utilisation of Brown Coal Fines 

In this way, the abandoned weathered fines proved to be valuable 
fuel, when carbonised at low temperature. If this treatment is 
carried out on the site, a small expenditure only is necessary for the 
original staff, and the capital outlay for the carbonising plant will be 
easily paid back within four or five years, even with the sale of tar 
oil only Tht publication of the results of the above-mentioned 
experiment aroused among mineowners a strong desire to establish 
the plant for the treatment of this wasted fines, and it is expected 
that this scheme will be put into effect when the present financial 
situation in Japan is re-adjusted. 

With raw brown coal, the analysis shows that the tar content is 
far in excess of that of the weathered fines, being generally 
higher than 12 per cent., as is mentioned elsewhere in this paper. 
Moreover, some preliminary experiments show that ammonium 
sulphate could be collected from the tar oil washing at the rate of 
about five pounds per ton of coal, and the economic aspect of 
establishing a power station with carbonising plant and semi-coke 
fired boilers is very promising. 

It is expected that our experiments with several varieties of 
raw brown coals will be finished by the end of 1928, when we 
hope to publish the results obtained and discuss the future pros- 
pect in greater detail. 


CONCLUSION 

It may be a little premature to draw any conclusion from what 
has been mentioned in this paper, as further experimental work 
still remains to be conducted. But the results so far arrived at 
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indicate that the pulverised firing of anthracite, and low-tempera- 
ture distillation of brown coal combined with pulverised fuel 
firing, when carried out at the mine, are very efficient ways of 
utilising Korean coal, both from the technical and the economic 
points of view. 

It is, therefore, our ambition to establish suitable power plants 
on the site of all coal mines developed, in order to convert the 
fuel into electrical energy at the spot where it is mined, and to 
interconnect them with transmission trunk lines, which, in turn, 
will distriliutc electrically the latent energ)' of coal into all the 
principal cities and industrial districts in the Korean peninsula. 

Fortunately, practically all the important coal measures in the 
north-eastern district cross the River Tunien (one of the five 
biggest rivers in Korea), on the Russian border. Consequently, 
the principal brown coal mines can obtain an abundance of water 
supply quite easily. In the “Heijo” anthracite district there is 
the River Tantong llowing through the middle of the field; and 
at almost all oilier mines now developed we have main or 
tributary streams tlowing close by. These geographical conditions 
facilitate the efficient working of steam plant at the pit-head 

By the adoption of the foregoing system the entire power re- 
sources can be develojied most efficiently with the minimum loss 
through transportation; and the consequent lowering of price, 
and abundant supiily of power will largely contribute tow^ards the 
proiiKjtion of industry in Korea; in addition, there results the in- 
creased home production of oil. 

In Korea, the electrical industry is still in its infancy, and the 
unification of installations can be accomplished much more 
easily than anywhere else. This fact doubly enhances the effi- 
ciency of the trunk-line system, and we expect that the results of 
further exjieriments in the Institute will confirm the advisability 
of carrying out the above-mentioned scheme. 

r^:sum£ 

En Corec, le charbon produit est suit de I’anthracite, soil du lignite 
Malgre le.s reserve.^ nalurellcs assez iniportantes, les melhodes d’exploita- 
tiem nc sonl pas encore suffisamnient devcloppees, de sorte que le 80 pour 
cent de la consommation totale de charbon doit etre importc. Par con- 
sequent les cunibusliblcs, ct de ce fait I’energie industrielle, sont tres chers. 
Ces circonstanccs sont susceptibles de retarder considerablement Ic 
dcvcloppenient de I’industrie en Cor6e. 

L’lnstitut scientifiqiie des combustibles du Governement de Corec a iti 
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cree dans le but de faire des recherchcs pour Tutilisation rationnelle dea 
charbons du pays. Les experiences faites a I’lnstitut ont prouve que meme 
I'anthracite ne contenant que 3 pour cent de matiere volatile peut etre 
brule dans les chaudieres d'une fa^on satisfaisante sous forme pulveris^e, 
tandisque le lignite soumis a la distillation a basse temperature donne 
10 a 12 pour cent d’huile de gourdon et le combustible resultant peut etre 
utilise edicacement sous forme pulv4risee. 

Le lignite est surtout produit dans des regions ou les moyens de transport 
sont tres limitcs ; en outre il a Tinconvenient de s’altercr tres rapidemcnt 
sous I’influence des elements. 

II s’en suit que la meilleure fagon de tirer parti des charbons de Coree 
est de les transformer sur place cn energie electrique et de diriger celle-ci 
par des lignes de transmission vers les villes principales et les centres 
industriels de la peninsule coreenne. 

Dans le cas du lignite, le systeme generateur doit etre muni d’une comue 
de carbonisation a basse temperature ; le lignite est ainsi soumis au 
processus d'extraction du goudron avant d’etre transformc en energie 
Electrique. 

Le rapport donne une courtc recapitulation des diverses experiences faites 
a rinstitut qui nous ont menes aux conclusions que nous venons de dEcrire. 
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Le probleme des lignites, du point de vue de la reserve d'energie 
qu’ils contiennent, apparait en Roumanie sous un aspect different 
que dans d’autres pays. 

En effet, la Roumanie produit des pctroles et le mazout fait une 
concurrence achamce aux lignites, autant par son pouvoir calo- 
rifique cleve que par sa manutention facile. En ce qui conceme 
les sous-produits de la distillation, il est evident que le benzol et les 
huiles extraites des lignites peuvent difficilement dtre places sur un 
marche qui produit I’essence et les huiles de petrole i bon marche. 

Un autre element qui complique encore le probleme de 1' utilisation 
des lignites est le bois de chauffage, plus abondant que dans d’autres 
pays. Les ^normes quantites de bois de hfitre et les d^chets des 
exploitations de bois de construction, tous les deux avec un prix 
de revient r^duit, interdisent presque I'utilisation d’un autre com- 
bustible pour les besoins domestiques et mfime pour de grandes 
fabriques. 

Dans de semblables conditions, la mise en valeur des lignites de- 
mandera pour la Roumanie des Etudes profondes et ddtaillees, pour 
une utilisation aussi rationnelle que possible de toutes leurs qualit^s. 
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Le gouvemement roumain, dans I’intention d'utiliser aussi 
rationnellement que possible, et en mtoe temps en concordance, les 
sources varices d'energie du pays, comme petrole, charbons, lignites, 
gaz naturel, chutes d’eau etc., a nomme dcs le 29 Juillet 1922 une 
"commission pour 1' Electrification du pays et pour la coordination 
de I'exploitation de ses facteurs naturels producteurs d’energie” 
qui a commence ses travaux sous la prcsidence de M. le professeur 
Mrazec, dirccteur de Tinstitut geologique de Roumanie. 

La commission a commence par faire etudier par les organes de 
I’institut geologique, comme il etait du reste naturel, les reserves 
de combustible solide et une sene d’etudes ont etc publiees siir les 
principaux bassins de charbon et de lignites.^ La carte’*^ que nous 
annexons montre en resume, en millions de tonnes et millions de 
kW., la repartition des reserves connues fm 1925. 

En examinant sur la carte les divers centres producteurs de lignites, 
dissemines sur tout le territoire du pays, nous constat ons que le 
total des reserves enregistrees monte a 2241,5 mil. tonnes on 
1.092.102,4 mil. kW , chiffre assez important surtout si Ton con- 
sidere que les evaluations ont ete faites avec une grande prudence. 
Les chiffres cites peuvent plutot 6tre consideres comme reserve 
probable a I'exclusion de cclle possible. 

Si nous suivons dans la region des coUines qui contournent I’arc 
carpatique, du Danube jusqu’en Bucovine, les formations geo- 
logiques, les affleurements, les sondages des regions petroliferes etc., 
nous pouvons affirmer, avec assez de precision, la continuite des 
gisements de lignite sur toute leur etendue avec certaines inter- 
ruptions. En joignant a ces formations avec charbon du pliocene 
inferieur et surtout superieur, les bassins importants de la Tran- 
sylvanie du pliocene, oligocene, mediterraneen superieur et inferieur, 
les chiffres cites plus haut peuvent Etre considerablement augmentes. 
En tout cas, les reserves de charbons bruns et lignites sont de telle 
nature, que Ton peut compter sur une production de longue duree 

^ Carbuiiii liasici din Imprejunmile Bra§ovului par E. Jekelius* 
Zacanimtcle dc lignit din basinul pliocenic dm Valea supenoara a Oltului 
par K Jekelius 

Zacamintele de lignit din basinul pliocenic dela Borscc par D. Atanasiu. 
Zacaminfele de lignit dm pliocenul Olteniei par (iroze.scu 
Zacamintele de lignit dm pliocenul de l&nga Curtea dc Arges si Imprejunmile 
Canipulungului par O. Protescu. 

Sous presse- Lignitele dm Jud. Prahova, Buzau, Ddmbovita par O. Protescu. 

* Schita zacammtelor de carbuni din Romania cu rezervcle lor In mil. KWO 
par Ing. M. Sophian d'apres M.M. le prof. Dr. Sava Atana.siu, Prof. Dr. Gh 
Macivei, Dr. H Grozescu, Dr. O Barde.scu, I. Atanasiu, Dr. E. JekeJiu.s ct 
Dr Papp Karoly 
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sur laquelle se peuvent baser tous calculs d'industrialisation et 
d' amortisation. 

Le probleme de T utilisation rationnelle des lignites peut se poser 
de 3 fa^ons differentes: 

(1) Trouver un dispositif pour la combustion parfaitement adapt6 
aux caracteristiques des lignites. 

(2) Adaptation des lignites, par des modifications physiques, pour 
leur utilisation aussi rationnelle que possible dans des installations 
i grand rendement. 

(3) Modification de la constitution et ennoblissement des lignites 
pour etre utilises comme produits superieurs pour les emplois 
reserves jusqu’ici aux combustibles superieurs. 

On voit, de ce qui precede, que Tutilisation des lignites est unique- 
men t comprise sous forme de combustible. Son utilisation, comme 
produit brut, sous d’autres formes (gazogenes, produits chimiques, 
etc.), est tres reduite et ne merite pas une mention speciale. 

La resolution du premier point entre dans le domaine de la con- 
struction des grilles, des voutes et des chaudieres, resolution qui 
n ’entre pas dans le cadre de cettc communication. 11 sera suffisant 
de dire que les resultats dans ce domaine paraissent ^tre assez bons 
et que les grilles en cascade (Treppenrost) et les grilles mecaniques 
(rotatives) avec des surfaces correspondantes donnent satisfaction 
pour les lignites de Roumanie. 

De meme, I'adaptation des lignites pour une utilisation rationnelle, 
notamment leur assechement par divers precedes, ne presente 
aucune dilficulte caracteristique pour les hgnites roumains et le 
briquettage des produits seches, autant pour les usages domestiques 
que pour I’emploi industriel, peut se faire facilement par les precedes 
connus. D’ autre part, la pulviTisation des lignites et la combustion 
dans les foyers par insufflation a donne de tres bons resultats et je 
cite a ce sujet les essais faits avec les charbons de Lupeni avec le 
systeme Lopuleo a la station d’essais de la Societc Kohlenscheidung, 
Berlin. 

Le charbon soumis aux essais ctait menu (0-10 mm.) avec 3,5 pour 
cent d’huinidite et a etc moulu a la dimension de 900 mailles par 
cm^, avec 0,4 pour cent de refus ou k 4900 mailles par cm^ avec 12,5 
pour cent de refus ne passant pas au tamis. Le moulin a consomme 
par tonne moulue 14,1 kW. Si Ton s’arretait au produit k 4900 
mailles par cm** avec 15,5 pour cent de refus, produit encore tr^ 
bon, I’energie consommee ne serait que de 12,5 kW./t. Les 
resultats de la combustion ont ete aussi satisfaisants que possible. 
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Dans une chaudi^re timbr^e k 37 kg. /cm® et de 660 m® la com- 
bustion a complete, le pourcentage de CO, a ^te de r3 et le 
rendement de I’installation de 86,8 pour cent. On peut voir d'apr^s 
ces resultats que les lignites roumains peuvent ^tre adapt^s aux 
installations modemes de combustion sous forme de charbon 
pulverise sans aucune difficulte. 

Les m^thodes enum^rees plus haut, pour la rationalisation de 
I’emploi des lignites, ameliorent de beaucoup la combustion mais ne 
peuvent toutefois lutter contre la concurrence des autres combustibles, 
et cela pour les raisons citees plus haut. C'est pour cela que les 
m^thodes qui extraient les parties nobles des lignites en produisant 
en m^me temps un combustible superieur sont plus indiquees et la 
distillation a basses temperatures a forme I’objet de recherches 
s^rieuses. Dans les laboratoires de I'Ecole Polytechnique de Timi- 
soara, on a poursuivi des etudes® sur 39 echantiUons de lignites 
divers de Roumanie, dont les resultats sont consignes dans le 
tableau No. 1. On voit que si les lignites traites n'ont pas trop de 
cendres le pouvoir calorifique du semi-coke obtenu est grand. En ce 
qui conceme la quantite obtenue, elle depend en premier lieu du 
contenu en eau du produit premier. Le pourcentage de goudron 
varie entre 3,10 et 15,21. 

Des etudes plus approfondies ont et^ faites sous la direction de 
MM. le prof. N. Danaila et I’ing. J. Blum k Tinstitut de chimie in- 
dustrielle de la faculte des sciences de Bucarest.* Les essais ont 
faits sur quatre echantiUons de lignites. Trois d’entre eux 
dtant consideres comme representant les categories moyennes des 
lignites roumains, les lignites propremen t dits, les charbons bruns 
et les charbons de la VaUee du Jiu, c'est-a-dire des lignites sup)^rieurs 
faisant la transition vers la houiUe.® Tous les lignites de la Valachie, 
Moldavie, Transylvanie et du Banat peuvent §tre rapproches Tune 
de ces categories. Les echantiUons ont ete pris dans les mines 
de Jidava-Pescareasa, Comanesti et Lupeni. (A observer le pHDur- 
centage de cendres de I’echantiUon de Lupeni, pourcentage anormal 
d'apres le tableau No. 1 et qui modifie la valeur r^eUe de ce produit). 
Le quatrieme echantillon a et6 pris dans les mines de Pralea et 

■ Lignitele dm Romania par Mr. J Chnstesco et Ad. Sandor. 

• Sur I'utilisation rationnelle des lignites roumains : la distillation Ade basses 
temperatures. Communication laite k la Society Roumaine des sciences par 
MM. le prof. N. Danaila et I'lng. J. Blum. 

■ D apns la classification de Toronto on aurait: 

Jidava classe D2, Comanesti classe Dl, Pralea classe D2, Lupeni classe C. 
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TABLEAU No 4 

DISTILLATION, A DE BASSES TEMPERATURES, DANS LE FOUR 


ROUMANIA; UTILISATION OF LIGNITES 


^ CO m CM 
O) CM CO CM 

oi (o CO cn 
m ^ 


> 2 

3,111 
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represente le type le plus inferieur des lignites de Roumanie. Les 
resultats analytiques de ces lignites sont consignes dans le 1;ableau 
No. 2. Les essais ont ete faits dans des comues fixes avec et sans 
injection de vapeur, systeme F. Fischer et H. Schrader et dans 
un four rotatif horizontal avec chauffage exterieur faisant 2-3 tours 
par minute et avec un dispositif permettant 1’ injection de vapeur 
pour la distillation et pour le nettoyage en fin d’ operation des restes 
de gaz et goudrons. Le chauffage se faisait au gaz. La durde 
d’une distillation a ete de 4-5 heures et la pression n’a jamais depasse 
500 mm. d'eau. L’ elevation de la temp(^rature a ete conduite 
de telle fa^on que les produits de distillation passaient rcguliere- 
ment et avec continuity cn evitant les alterations. Par exemple 
la distillation des cchantillons des mines de Jidava-Pescareasa a 
ete faite en chauffant pendant la premiere demi-lieure jusqu’a 
100“C., on distillait ainsi I'eau de composition, ct on evacuait une 
partie de I’air dilate ct une certame quantite de gaz incombustible. 
A 300°C. les gaz combustibles commencent a apparaitre et vers 
320° apparaissent aussi les goudrons. A partir de ce point on eleve 
la temperature dc 100° par heure sans que la pression ne vane. 
On maintient le four pendant une demi-heure a 500°, temperature 
^ laquelle ne distillent plus que de rares gouttes de goudron, on 
passe ensuite un courant de vapeur et on arr^te 1' operation en 
pesant le semi-coke obtenu. Les resultats moyens d une longue 
serie de distillations pour chaque categorie a conduit aux resultats 
consignes dans le tableau No. 3. 

Le coke produit a partir des lignites propremen t dits et des char- 
bons bruns conserve en general la structure du lignite distille. Des 
qu’il est sort! de la cornue ou du four il a un aspect luisant, mais 
peu de jours apres il devient noir mat, semblable au charbon de 
bois. Le coke de Lupeni, etant dorinee la tendance a 1 ’agglomera- 
tion de ces charbons, a 1’ aspect des cokes obtenus par la distillation 
a haute temperature. 

Les resultats analytiques des differonts types de coke sont con- 
signes dans le tableau No. 4. A remarquer que le coke de Lupeni, 
provenant d'un charbon avec beaucoup de cendres, a un pouvoir 
calorifique 4aible. Les resultats seraient bien meilleurs avec un 
charbon de Lupeni normal. Le coke obtenu brule facilement 
sans fumee. 

Les caracteres des goudrons obtenus a la distillation sont marquees 
dans le tableau No. 5. 
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TABLEAU No. 5 

CONSTA^^TES PHYSIQUES ET POUVOIRS CALORIFIQUES DES 
GOUDRONS 


Specification 
de r^chantillon 
dont les goudrons 
ont 6t6 obtenus. 

Tempera- 
ture ^ 
laquelle 
apparait le 
goudron 

D.15T 

Point de j 

congelation. j 

Methode' Dans 1'6- 
galici- prouvette. 
enne. 

Pouvoir 
calorifique 
par kg. 

Aspect ext6- 
rieur 

j idava-Pescaresca 

1 320°C. 

1 

0,971 

+ 34°C. + 25°C. 

cal 

6.866 

Noir-calc 

( t)manesli-Vcr- 
mest] 

! 

340°-350T. 

1 

1 

' 1,001 

+ 34°C. +24“C 

: 7.090 

Solide k tempe- 
rature ordinaire 
Odeur de H.,S. 

Noir 

Lupeni 

315'’C. 

1,000 

i 

1 +28°C + lO-C. 

8.653 

Soljde ^ tempe- 
rature ordinaire 
Odeur de H^S. 

Noir 

l*ralea 

340°C. 

: 1,020 

1 

1 

1 1 

j 

4 36“C. ; 4 26‘'C 

6.308 

Mi-solide ^ tem- 

lempdirature 

ordinaire 

Odeur de Tl^S. 

Noir- cafe 



i 

1 

: 


Solide k tempe- 
rature ordinaire 
Odeur de TljS. 


En distillant les goudrons a I’aide de vapeur surchauffee dans 
I'appareil recoinmandi' jiar F. Fischer, on obtient quatre groupes 
de produits: 

(а) Une premitTe fraction qui distille jusqu’a 180°, au debut 
incolore, qui se colore ensuite en jaune et passe au verdatre a la fin. 
En presence de I'air ce produit se colore en rouge. De 100 gr. de 
goudrons on obtient 24,4 i 35 gr., qui, rapportes a 100 gr. de charbon, 
reviennent a 0,91-2,38 pour cent. La densite du produit varie de 
0,9142 a 0,9471 ct apres extraction dcs phenols baisse a 0,818-0,855. 

(б) La 2 fraction distille entre 180° et 240°C. et donne par con- 
densation un liquidc vert, contenant de la paraffine et presentant 
une tendance de congelation dans le tube de refrigeration. Pour 
100 gr. de goudrons ont passe 23,9 a 29,5 gr. ce qui raf)porte a 
100 gr. de charbon, revient a 1,30-2,21 pour cent. La densite k 
15°C. varie de 0,969 a 0,999. 

(c) La 3' fraction distille entre 240° et 270° et on obtient un 
liquide de couleur jaune-rouge, qui se solidifie dans le tube de re- 
frigeration. Le pourcentage de cette fraction varie de 11,6 i 26,4 
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et rapporte au charbon de 0,43 k 2,44 gr. pour 100 gr. de charbon. 
La densite k 15° varie de 0,925 k 1,000. f 

(d) La demiere fraction est le brai, qui reste comme r^sidu et 
represente pour 100 gr. de goudron 17 k 26,4 gr. ou, rapport^ k 
100 gr. de charbon, de 0,82 a 1.85 gr. 

L'eau distillee varie de 2,5 pour cent a 5,5 pour cent. 

Le gaz obtenu a la distillation varie entre 50 et 130 m® par tonne 
de lignite, le pouvoir calorifique est de 3785 cal. pour le lignite de 
Jidava, 6018 pour Comanesti, 9052 pour Lupeni et 3183 pour Pralea. 
Si ce gaz est epurc du COg et HgS les pouvoirs calorifiques respectifs 
passent a 8618, 10328, 10140 ct 5201. 

Le benzol extrait des gaz, a I’aide du charbon actif, est un liquide 
jaune et la couleur devient plus foncee par I'exposition a I’air. 
Les resultats des distillations faites de la m^me fa^on sur une tonne 
de lignite seche (a 105°C ) sont consignes dans les tableaux No. 6 
et No. 7. 


TABLEAU No 6 

PRODUITS UISTILLES DU FOUR ROTATIF, RAPPORTES A UNE 
TONNE DE CHARBON SEC [in 105X.). 


Benzine 


Specification de 
l’6chantillon 

Coke en 

Goudron 
en kg. 

des gaz | 
cn kg. 

Gaz 
en m*. 

! Eau 
en kg. 


j env. 

env. 

env 

env 

1 env. 

Jidava-Pe.scarca.sca 

640 

81 

1.45 

120 

90 

Comanesti-Vernie.sti 

680 

68 

1,45 

100 

no 

Lupeni 

‘ 770 

89 

1,47 

50 

60 

Pralea 

610 

69 

1.36 

130 

100 


TABLEAU No. 7 

TRAITEMENT DU GOUDRON. RESULTATS RAPPORTES A UNE 



TONNE DE 

LIGNITE SEC {k 105X.) 


Specification de 

Benzine 

Huiles 

Huiles 
pheno- i 

Paraf- 


^chantillon. 

brute 

brutes 

liques 

fine 

Brai 


en kg 

en kg 

, en litres. 

en kg 

en kg. 


env. 

env 

env. 

env 

env. 

Jidava J'escarcasca 

2,45 

35 

25 

2 16 

13.87 

Comanesti- Vermesti 

1,78 

30 

20 

1,9 

14,5 

Lupeni 

1,96 

43 

21 

2,47 

20,0 

Pralea 

2.01 

29 

20 

2,6 

15.47 


Les conclusions des tHudes de MM. N. Danaila et J. Hlum sur les 
lignites roumains peuvcnt .se resumer de la fa^on suivante: 

(1) Les lignites roumains distillcnt jusqu'a 500° donnant un coke 
friable qui brule bien sans fumee. Le rendement energetique du 
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coke represente 65-80 pour cent du pouvoir calorifique des lignites 
desquels il provient. 

(2) La quantite de goudrons, rapportee au lignite sec a 105°, est de 
6,8-9 pour cent et les calories contenues representent 8-15 pour cent 
du pouvoir calorifique total du lignite initial. 

(3) Les gaz obtenus par distillation jusqu’a 500° rapportes a une 
tonne de charbon sec, varient de 50 a 130 m®, avec un pouvoir calo- 
rifique de 3335 k 9094 cal/W; leur rendement energctique represente 
7-16 pour cent du pouvoir calorifique total des lignites desquels ils 
proviennent. 

(4) Le bilan thennique de chaque espece de lignite montre que 
I'energie consommee pour la distillation est d'autant plus petite 
que le lignite est de meilleure qualite (161 022 cal. pour une tonne 
de Lupeni, 382 388 cal. pour une tonne de Pralea). 

De ce qui precede, nous voyons que la distillation a basse tempera- 
ture des lignites roumains permet de les utiliser rationnellement 
du moment que Ton obtient des combustibles superieiirs, tels que 
le coke et les gaz, et d’ autre part des goudrons, du benzol, de la 
paraffine, etc., produits nobles qui peuvent avoir une autre utilisa- 
tion, plus avantageuse que la combustion dans des foyers de 
chaudieres. 

Nous avons vu que le coke de lignite a sulfisamment de matieres 
volatiles pour briilcr sur les grilles, qu'il peut ctre pulverise et insuffle 
dans les foyers et est tres apte pour I'emploi dans les gazogenes. 
Mais la ou il devrait avoir une certaine resistance ou une forme 
speciale pour la manutention, le coke primaire, tel qu'il sort de la 
distillation, n’est pas convenable, etant trop friable, et le briquettage 
s' impose. 

L'institut de chimie industrielle, continuant les etudes sur I’utilisa- 
tion rationnelle des combustibles, s'est occupe du briquettage® 
du coke de lignite obtenu par les distillations citees. 

En premier lieu on a recherche I’obtention d un liant pirovenant 
soit de produits de ptHrole, soit des goudrons de distillation, soit 
d’un melange des deux. On a trouve que les conditions que ce liant 
doit remplir sont: 

Brai de petrole: obtenu des residus du petrolc; le point de fusion 
doit ^tre d'au moins 61-63°C.; il nc doit pas distiller avant 300°C. 

• Sur I’utilisation rationnelle des lignites roumains. 

Essais sur le briquettage du coke primaire 

Communication faite k la society roumaine des .sciences par M. I'lng^nieur 

J. Blum. 
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Brai de charbon ex trait du goudron primaire par distillation et 
oxydation partiellc, en obtcnant environ 45 pour cent de la cfuantite 
de goudron traite. Le point dc fusion doit ^tre d’au moins 41 k 
43° et le brai ne doit pas distiller avec des vapeurs surchauffees 
avant 190°C. 

En faisant divers essais sur Ics briquettes ob tenues on a constate 
que les dimensions et les proportions optima pour employer le 
minimum de liant tout en obtenant des briquettes de resistance 
maxima sont: 

Coke de 0 a 0,5 min 20 pour cent 

, . 1 , , 5 min 60 

5 ,, S mm 20 

Le pourcentage de brai utilise vane de 6^ pour cent a 7 pour cent et 
se compose de 97 pour cent brai de distillation de lignite et seule- 
ment de 3 pour cent de brai de pi'trole. La prcssion de fabncation des 
briquettes est de 300 kg. /cm-. Les briquettes obtenues etaient 
noires. luisantes, bnilaient bien et se maintenaient dans le feu 
jusqu'a consommation complete. A tous les points de vue elles se 
sont comportees comrne des combustibles superieurs. 

En resumant ce qui vient d’etre expose, il resulte qu'il est d une 
necessite absolue pour I'industrie des lignites de la Roumanie d'en 
rationaliser I’emploi a cause de la concurrence qu’elle doit 
supporter dc la part des jietroles et dn bois de chauffage. Les 
lignites roumains sont aptes pour les differentes adaptations en vue 
de I’obtention d'un bon rendement dc la combustion et pour leur 
transformation par distillation a basse tempiTature en produits plus 
nobles ou de rendement superieur, d’ou une remuncTation plus 
grande pour les industries utilisant les lignites sous ces formes. 

Le probleme de 1’ utilisation rationnelle des lignites en Roumanie 
doit ^dre envisage sous un aspect plus general, celui de la coordina- 
tion des sources dV'mergie par le lignite et des autres sources d’energie 
afin d'obtenir une alimentation rationnelle du pays en energie. 
Parallclement au developpement industriel du pay§^ la demande 
d'energie a augmente et pour la satisfaire il faut une etude appro- 
fondit;, En effet, la Roumanie possede du petrolc, des gaz, du 
charbon et des lignites, de I’energie hydraulitiue et des bois. Les- 
quelles de ces sources doivent etre utilisecs et de quelle fa(;on^ 

La solution qui sera adoptee ne devra pas ^tre choisie uniqucment 
d'apres des considerations purement techniques, car des elements 
d'ordre general economiqucs et fniancicrs peuvent intervenir comme 
facteurs importants. Ainsi quoique le pcHrole, par son prix de 
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revient et par son pouvoir calorifique soit un detenteur d’energie 
de premiir ordre, sa valeur mondiale et la facilite de manutention 
le recommandent comme un article principal d' exportation. La 
Roumanie, qui par 1' extension industrielle survenue aprcs la guerre 
est forcee a une forte importation, pour se creer I’outillage 
necessaire, doit exporter le plus de produits de petiole possible pour 
equilibrer sa balance commerciale. 

Bien entendu que la ou les produits du p(5trole ne peuvent ctre 
remplaces par une autre source d’energie ou bien la ou I'unite d’ener- 
gie produite par d’autres sources reviendrait trop chcr, 1’ utilisation 
du petrole reste indiquec. 

Le gaz, par son pouvoir calorifique, est une source d’energie interes- 
sante et le seul desavantage qu’il presente est qu’il ne peut etre 
consider^ comme une solution de longue duree, les quantites dis- 
ponibles etant limitees. Toutefois le prix de revient reduit et 
I’obligation de le consommer a faible distance du lieu de production 
I’indique comme source d’energie devant ^tre mise en valeur par 
des centrales thermoelectnques. 

Un probleme difficile a resoudre et qui se discute part out est la 
rivalit(' entre les centrales thermiques et les centrales hydrauliques. 

En ce qui concerne la Roumanie la solution technique est forte- 
ment influencee par les conditions economiques et naturelles. En 
effet, le prix de premier cHablissement dcs centrales h>'drauliques 
par rapport aux centrales thermiques est beaucoup plus eleve et 
aujourd'hui, quand la Roumanie a besoin d’mvestissements dans 
toutes les branches, les sommes depensees en plus pour la solution 
liydrauhque representeraient une charge ties lourde. D' autre part, 
I’industrie roumaine, encore ncuve, a besoin d’energie a bon marche 
pour se consolider et ne peut supporter I’amortissement qui greve 
d'autant plus le kW. hydraulique que ces centrales son t con chtionnees 
bien plus par des facteurs naturels que par les consommateurs, d’ou 
il resulte qu’on installera des le debut des unites trop grandes. Les 
centrales thermiques presentent parcontre, une formule plus souple, 
elles pourront suivre facilement les demandes d’energie et par cela 
le prix du kW. sera rcduit. 

L'installation de grandes centrales hydrauliques est encore rendue 
difficile en Roumanie par le fait que le regime des eaux n est pas 
trop favorable et que les depenses d’amenagement pour les chutes 
d’eau seraient tres grandes et hors de proportion avec les depenses 
similaires en Suisse, Italic, Suede, Norvege, etc. 


147 



THE COAL INDUSTRY 


Ce qui precede n 'exclue pas 1' adoption de la solution hydraulique 
li ou les conditions locales sont avantageuses. » 

La solution la plus juste pour la Roumanie ne peut 6tre 1’ adoption 
exclusive soit de I’energie hydraulique, soit thermique. Une 
collaboration de ces deux sources, utilisant I'energie hydraulique 
en tant que cela ne demanderait pas de trop grands travaux et li 
seulement ou la distribution du courant est deja preparce par des 
centrales thermiques, est la solution la plus judicieuse. Ainsi la 
solution hydraulique a ete adoptee pour une centrale a Scropoasa 
sur la lalomita qui, par allelement avec une centrale thermique dont 
Templacement est indique dans la region de Doicesti, fournira le 
surplus de courant neccssaire a la capitale du pays et aux regions 
petroliferes. Des etudes extr^mement interessantes ont ete faites 
pour I’utilisation de I’energie de la Bistn^a dans une centrale elec- 
trique qui, par all clement a une centrale thermique situee dans la 
region de Comanesti, couvrira les besoins d’energie de ia basse 
Moldavie et de la parlie Sud-Est de la Transylvanie. L’tdectrifi- 
cation du pays devra etre complctee par deux centrales hydrauliques, 
Tune sur le Jiu, I’autre sur le Raul llarbat ou le Raul Mare, centrales 
qui, en parallcle avec une supercentrale thermique dans la Vallee 
du Jiu, alimenteront, Tune rOlUhne, I’autre la region industrielle 
du sud-ouest du pays. Enfin une region qui se developpera et qui 
aura besom de courant hydroelectrique pour I’industrie de 1' alu- 
minium, qui se creera, est la region situoe entre les villes de Cluj et 
Oradea Mare, ces deux vdlles y comprises. Bien entendu que cette 
centrale aussi, situee sur le Dragan, pouvant ^tre compkHee par 
d’autres installations plus petites sur cer tames rivieres du bassin 
du Crisul Repede et du Somes supcrieur, devra cooperer avec une 
ou deux grandes centrales thermiques situees dans les bassins 
carbomferes de ces regions. 

En ce qui concerne le centre de la Transylvanie, aussi longtemps 
qu’existera le gaz naturel, on ne poura pas pre^duire I’energie neces- 
saire meilleur marche qu’avec les centrales thermiques aliment^es 
au gaz. 

La mise de fonds demandee par les centrales citees sera tres grande 
et ne pourra etre faite (a I’exception de celle de Scropoasa) que 
lorsque les conditions economiqucs du pays le permettront et 
lorsque le marche sera deja prepare par les moteurs k combustion 
interne ou par les centrales thermiques. 

Une autre source tres inttVessante de courant hydroelectrique 
est I’energie qui resultera de la canalisation, pour les rendre navi- 
gables, des principales rivieres de la Roumanie. Le cout de ces 
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travaux est enorme et en disproportion avec I'^tat financier actuel 
de la Roumanie. 

En resume le probleme des solutions thermiques et hydrauliques 
en Roumanie est rcsolu par la collaboration des deux sources, en 
commengant par la creation de grandes centrales thermiques qui 
seront allegees, quand la situation economique le permettra, par 
des centrales hydrauliques la ou ces travaux ne seront pas trop 
chers. En ce qui concerne I’alimentation en energie des localites 
excentriques, les moteurs a combustion interne pouront satisfaire 
les demandes jusqu'a plusieurs milliers de chevaux. On peut voir 
sur la carte ci-jointe la repartition des consommateurs d’ energie avec 
les puissances mstallees suivant la nature de la source d'energie. 
Sur la m^me carte a etc marque schematiquement le reseau de cen- 
trales thermiques et hydrauliques qui devront etre installees, de 
m^me que le reseau principal de distribution et leurs liaisons. 

Les centrales thermiques, a 1’ exception de celles installees dans 
les regions des gaz naturels ou de petrole, utiliseront de preference 
le lignite, combustible bon marche situe a proximite des centrales: 
il est recommandable de n'utihser que les produits de distillation 
a basse temperature et en premier lieu les dechets pulverises du 
coke et le surplus de gaz debenzoles. 

En dehors des consommateurs d' energie des centrales citees plus 
haut : les industries, I’eclairage des viUes, etc., il y a un autre grand 
consommateur d’ energie les chemins de fer. Ceux-ci, jusqu’a 
leur electrification, doivent transporter leur reserve d’ energie et 
il reste a voir dans quelle me.sure T electrification est plus avan- 
tageuse que 1’ utilisation des locomotives a vapeur. Il est bien 
entendu qu’il est dans I’inter^t des chemins de fer de n’utihser 
que des combustibles superieurs, cn transportant une energie aussi 
grande que possible dans un volume aussi petit que possible, et les 
lignites actuals presentent le grand desavantage de contenir un 
grand pourcentage de cendres et d’eau representant un poids mort 
important. L’emploi du coke de lignite est absolument indique 
^tant un produit de grand pouvoir calorifique, sans eau, ayant 
un pouvoir radiant superieur a celui d’un charbon de valeur egale 
et une combustion regulitTC sans fumee. 

En resume nous voyons que pour la Roumanie une utilisation 
rationnelle des lignites est tout-a-fait necessaire, ce pays ayant 
d'enormes reserves de lignites. Soit par sechage et bnquettage, soit 
par distillation k basse temiXTature, on obtient des combustibles 
superieurs autant pour les industries qui se procurent elles-memes 
r energie ou ont besoin de leur pouvoir calorifique que pour les 
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chemins de fer et pour les centrales thermoelectriques, centrales 
qui sont la solution la plus indiquee de la situation actifelle de la 
Roumanie pour la creation d’energie en grandes quantites et k bon 
marchc. 

La distillation a basse temperature presente un avantage sur le 
simple sechage des lignites, par le fait que le coke obtenu est un 
combustible superieur aii lignite seche et que I'on obtient en plus 
une sene de produits qui pcuvent etre micux mis en valeur; ainsi 
une partic des goudrons peut etre utilisee a la fabrication du brai 
nccessaire au briquettage, une partie servira a la fabrication des 
liuiles de graissage. La paraffine a son emploi connu. 

La fabrication des briquettes de coke de lignite prescnte encore 
un avantage, celui de piouvoir reniplacer progress! vcment le bois 
de chaiiffage dans les ernplois domestiques en evitant ainsi d'enormes 
pertes pour l economie nationale par la combustion irraticnnelle du 
bois des forets qui pourraient ainsi avoir une utilisation meilleure 
et servir a I’exportation. 


KKSl Ml. 

Kcninidiiia has iiunu'rous lignite (lekls, aiitl hei reserves ol tins inineral 
siliiated both outside tlic crescent formed by^ the C ariiatliuin mountains and 
m Transylvania, are (j1 sudi inijiort.iiK e that the study ol its rational use is 
one of the chief jnobleins of our country 
We liav'e tried with satisfactory technical results the adaptation of fuel jilants 
t(; the characteristic features of lignite, and its improvement b\ jihvsical 
agents in order to obtain a superioi (jualitv. 

It IS, ni \ erthcless. a fact that m a country like Koiirnaiiia, wliicli is a large 
oil and timber produetjr, lignite as liiel lias poiviTliil competitors In such 
circumstances the lignite collieries must yield a maximum of profit, and we 
recommend low-temperature distillation as a means to this end The 
Institute ol Industrial Chciiiistry in Huchtirest has experimented with this 
method, with ver> satisfactory results and has obtained from some of the 
rliaractcristic Koumaman lignite types a fnabh primarv coke, containing 
fin to 80 per cent of the original calories ol lignite 'Ihe tar Ihiis obtained 
varied from fi 8 trj 8 per cent , and the distilled gas. varying in cjuantity from 
50 to I do m^, had 3,385 tf> 0,004 caloric's per cii metre 
The primary coke has been transformed into bn(]ijettes. 07 per ce*nt of its 
binding material is lignite tar and only 3 per cent ml-tar Besides the 
(jnes^ion of rational use of lignite in Koiimania there is the problem of the 
national energy which, in the present economic and financial conditions, iniisl 
be solved \Vc recommend the building of large thermo-dynamic ]>ower 
statums with the most rational use of lignite and later on, accoiding to the 
possibilities, the installation of hydraulic pow'er-stalions, which would work 
hand in hand with the lormer. 
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ZUSAMMENFASSUNG 

INTRODUCTION 

The U.S.S.R. has always consumed low-grade fuel in quantities. 
It is not astonishing, therefore, that the problem of low-grade fuel 
combustion should constantly have occupied the attention of 
Russian combustion engineers 

Firewood ranks one of the first in the Fuel Balance of the Republic. 
Peat is the second variety of low-grade fuel that has obtained a 
wide use within the U.S.S.R. Noteworthy achievements have been 
attained in peat combustion, as discussed in a separate paper. 

Although Mazoiit belongs to the very highest grade fuels, consider- 
able difficulties, both as regards transjiortatioii and combustion, were 
experienced with a special kind of the latter, namely, paraffin 
mazout. Accordingly, the Thermo-Technical Institute were com- 
missioned by the Grozni Oil Trust to endeavour to remove the 
drawbacks. The experiments on the combustion of paraffin and 
tarry mazouts have led to a complete solution of the problem, at 
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the same time helping to elucidate a series of general questions 
pertaining to oil fuel combustion. 

Anthracite culms also belong to low-grade fuels which can be used 
on a large scale, because culm is always accumulating at the mines. 
At the same time, culm has hardly been made use of at all until 
recently. Below we intend to describe the results achieved in burning 
culm, as well as anthracite rice on mechanical chain grates. 

Lastly we shall deal with brown coals of high ash contents, discussing 
the results achieved in combustion on chain grates. The com- 
bustion of pulverised anthracite culm and brown coals will be 
discussed in a separate paper. 

Space limitation precludes a discussion of a whole series of other 
low grade fuels such as tan bark, peel of sunflower seed, sawdust, 
etc., which are also used in the U.S.S.R., but do not present any 
general interest. 

When comparing and valuing individual furnaces and fuels, we 
intend making use of the methods expounded in another of my 
papers bearing on the combustion of pulverised fuel in the U.S.S.R 
So the efficiency value of the furnace is represented by the magni- 
tude . — 

^/ = 100 - (^2)150 - ^3 - ^4 per cent, 
where (^2)150 Is loss with flue gases, the difference between gas and 
air temperature being I' - t = 150 X. ; 

^3 loss due to incomplete chemical combustion 

loss due to mechanical incompleteness of combustion which 
includes • — 

loss due to the combustible falling through grate-bars, i.e., 
siftings 

q^ heat loss due to unconsumed combustible in ash and clinker. 
q^ heat loss with flue dust. 

Thus, 

The magnitude of = '•?/ ~ 3 stands for comparative efficiency 
of generating unit, i.e., is reduced to the difference T ~ t = 150 °C., 
with radiation loss ■ ^5 = 3 per cent. 

WOOD FUEL 

Flat Grates 

Although firewood and wood refuse are usually classed as belonging 
to low-grade fuels, firewood proves favourable for economic combus- 
tion as, owing to its low ash content and the large size of blocks, the 
mechanical losses of this kind of fuel are reduced to a minimum. 
The drawback, due to high moisture, consists mainly in a somewhat 
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increased volume of gases per unit of liberated heat, and consequently 
also in somewhat increased losses with flue gases. This latter slight 
drawback of firewood is compensated by the former advantage. As 
it is, firewood proves objectionable only on account of its extreme 
bulkiness, consequent on its slight thermal density, i.e., heating 
value per unit of volume. The handling of firewood in large plants 
is therefore considerably impeded, while at the same time a large 
staff is required for its handhng. 



Fig I Firewood furnace with lowered grate and raised fire-doors 

Up to the present two types of furnaces have mainly been used in 
the U.S.S.R., viz., flat grates and shaft type furnaces 
As is well known, the fundamental drawback of a flat grate consists 
in an extremely uneven rate of combustion with regard to time, since 
every opening of the fire-doors for charging the furnace immediately 
interferes with the furnace work, causing a critical downfall of 
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combustion rate and simultaneously a large decrease of efficiency 
through the admittance of useless excess of air. 

For eliminating these two drawbacks of a hand-fired stoker, 
Russian combustion engineers have been making use of the two 
following means — 

(a) The use of forced draft, which to a great extent eliminates 
defects due to oiiening the furnace doors and enables us to maintain 
a steadier combustion process. The introduction of forced draft 
permits a steady combustion of firewood containing up to 40 ]ier 
cent, moisture. 

(i) The use of furnace with lowered grate and elevated fire-doors 
of t3^pe illustrated on Fig. 1 This design makes use of the so called 
self-draft of the furnace, and reduces to a minimum the inflow of 
cold air, otherwise liberally admitted while opening the fire-doors for 
feeding Therefore, having a determined suction of air at the level of 
the grate — d-4 mm water column — this suction gradually decreases 
for higher levels until a level with excess pressure is ultimately reached. 
Now, by locating the fire-doors some 1-1-5 m above the grate, 
we are able to obtain a suction of 1 - 1 -5 m less than when arrang- 
ing them at the grate, because, assuming the suction at the grate 
to be 3 mm., this suction will not exceed 2-1-5 mm. at the fire- 
doors; this greatly decreases a wasteful inflow of cold air when 
opening the fire-doors, and besides allows the fuel-bed to be of suffi- 
cient thickness for maintaining a steady process of combustion. 

Flat grates with blower fans or those with raised fire-doors afford 
fuD possibilities for an economical and steady combustion of fuel 
with about 45 per cent and upwards of moisture. 

The main advantage of the flat grate, which has already ac- 
quired a vast field of application, consists in its extreme simplicity 
and cheapness and also in its flexibility in exploitation. The 
disadvantages may be summed uj) as follows . limited capacity 
permitting a maximal evaporation of but 25 to 30 Kg. per sq. 
metre of boiler heating surface per hour ; lowered efficiency ^ 86 
per cent.; excessive labour required, — for no more than 500-600 Kg. 
consumed firewood per hour can be estimated for the output of a 
fireman, therefore, such furnaces may be applied in small plants 
only„ The fundamental characteristics of furnaces of such type are 
given in Table I. 

Shaft Furnaces 

Shaft furnaces, which have long been applied in the U.S.S.R. for 
firewood combustion, are represented by several thoroughly 
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elaborated and well-tested designs. As may be seen from Table I., 
these designs afford a very high rate of efficiency 17^ ^ 88 per cent. 

Shaft furnaces greatly facilitate the work of firemen, and also 
require a smaller number of the latter, because the output of a 
fireman in this instance increases to 900-1,300 Kg. of firewood 
consumed per hour. Complete steadiness of the combustion stands 
also among the advantages of these designs, as no periodic charging 
interrupts the work of the furnace. One drawback of shaft furnaces 
is the considerable inertia of the furnace due to its containing a 
large volume of fuel, wherefore such furnaces cannot be used where 
necessity of frequent interruptions of work arises, and should only be 
installed in such plants where continuous work is carried on in two 
or more shifts. A second drawback of the shaft furnace consists 
in the necessity of varying the thickness of the fuel-bed by means 
of re-modelling the furnace to suit the particular requirements of a 
given kind of firewood. 

Under average conditions shaft furnaces allow of a rate of evapora- 
D 

tion up to — 40 Kg./m.^h (Kg. per sq. metre of boiler heating 

surface per hour) as shown in Table I. 

The following two main types of shaft furnaces are used in the 
U.S.S.R.. 

(а) I'hose with inclined surface of fuel-bed (inclined grate stokers, 
as in Fig. 2). Practice has shown the limit of breadth, and conse- 
quently also the length of the log in such furnaces to be 1 -5 to 1 ^m., 
since the upper supporting arch no more holds when these dimen- 
sions are exceeded. The limit length (L) of fuel-bed surface is 2 5 m., 
while lengths above 3 m. are prohibitive. The normal rate of heat 

liberation in such furnaces should be ^ = 1 ,200 thousands cal. /m.2h.; 

the suction in the furnace should not be below 5 mm., so that the 
the smoking from the upper door of shaft may be eliminated. 

Furnaces of this type realise altogether reliable combustion of 
firewood with moisture up to 45 and even 50 per cent., thereby 
securing a high efficiency with small excess of air to the furnace. In 
record cases it was even possible to reduce the coefficient of air 
excess tod -2-1 -25, while combustion proved to be altogether com- 
plete, giving 16 to 16-5 per cent, of COg. 

(б) Shaft furnaces with vertical surface of fuel-bed (Fig. 3) appear 
to be simpler in design, since they require a minimal amount of 
metal work and very simple setting. 

156 



RUSSIA: LOW-GRADE FUELS 

The size of shaft is unlimited, so that firewood of any desired size 
may be burned. The shaft is charged with logs arranged to form a 



Fig. 2. Firewood shaft furnace with inclined combustion surface. 



Fig. 3. Firewood shaft furnace with vertical combustion surface. 

vertical column, so that the combustion faces the gas window, the 
latter determining the actual surface of the fuel-bed. A very 
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important structural element is to be found in the height "h" of 
lower part of shaft, which value is increased in inverse proportion 
to a respective decrease of firewood combustibility, i.e., higher 
moisture contents, greater size of logs and less combustible kinds 
of fuel wood. Tlie normal rate of heat liberation as calculated per 

Q 

sq metre of actual surface of fuel-bed is figured at ^ = 3,000, t.e., 
about 3,000,000 cal./m.‘h 

In 1922 the writer designed and later built a shaft furnace for 
locomotive boilers where the rate of heat liberation per sq. metre 
of surface of fuel-bed reached as much as 20 to 25 mil. cal /m.^h., 
though, of course, rather considerable losses due to waste with flue 
dust were again involved As compared with the ordinary flat- 
grates, such a furnace gave as much as 15 to 25 j^er cent, economy. 
This furnace, with which more than 200 experimental runs were 
effected, gave a very high content of carbon dioxide, averaging 
13 to 14 per cent , which must be considered a quite considerable 
figure for locomotive boilers, dhe efficiency of the boiler, tvhen 
burning firewood with 38 per cent, moisture, went as far as 75 79 
per cent 

In all firewood consuming furnaces, the combustion chamber 
should be calculated for a rate of heat liberation that would not 
exceed 300-400 thousand cal. m.-'^h., so that noticeably incom- 
plete combustion should be eliminated as far as possible. 


CoMnnsTioN of Chips on Grate Stokers 

Despite the high efficiency of shaft furnaces, the latter fail to 
realise the available rate of evaporation to any value approaching 
40 Kg./m.^h. Further, they require a large staff for attending 
to the boiler house, hauling wood and charging the furnace Such 
furnaces also call for availability of firewood of uniform length, 
while the combustion of wood rcfu.se a.ssuming a varying and 
irregular form (such as branches, slabs, laths, etc.) is greatly ob- 
structed. 

The erection of rather considerable installations using wood fuel 
for a Paper Trust in the Central Industrial Region of U.S.S.R. 
induced the latter, jointly with the Thermo-Technical Institute, 
to seek a system so that wood fuel could be efficiently consumed in 
powerful plants with a capacity of 10-15,000 kW. and more. It was 
decided to make use of fuel wood split into chips by means of 
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chopping machines just as is done in the cellulose industry, rather 
than burn blocks of timber. 

The Thermo-Technical Institute has worked out the designs of 
such plants, and has carried out a series of experiments both at its 
own experimental station and at the paper mill "Sokol," belonging 
to the aforesaid Trust. 

The method adopted provides a wood-chopping machine of the 
type commonly employed in the cellulose industry By means of 
this contrivance, logs are reduced to chips of an average size of 
50 X 30 X 5 mm., with the power consumption about 7 5 kWh. 
per ton ot chips. 

Since it is quite possible to subject whole trunks to chopping, and 
thereby eliminate expenditure on sawing and splitting, we find 
that the cost of chipi-fuel is practically the same as that of firewood, 
since the crushing of the former involves no extra expenditure. 
Chain grates with sectional air distribution were selected for the 
piirpiose of the experiments in the Boiler Laboratory of the Thermo- 
Technical Institute, which were conducted on a Babcock & Wilcox 
chain grate (12m located under a Garbe-Krupp vertical water- 
tube boiler (300 m. 2), while the mam series of experiments at the 
paper mill "Sokol" was carried out on a chain grate with sectional 
forced draft constructed by the Bamag works (6-5 m.^) under a 
horizontal water-tube boiler of Babcock (S: Wilcox where H = 
340 m. 2. A layout of the installation at the mill "Sokol," where 
the main experiments were conducted, is given in Fig. 4. The work 
was performed on chips carrying 26-5-43-2 per cent, moisture with 
pre-heated air at a temperature of 150''C. when entering under the 
grate. The main results of these tests are summed up in Table II. 

As may be seen from this table the coefficient of excess air behind 
the boiler remained at normal loads ^ 1-4 (40 per cent, of 
excess air) while losses clue to chemical incompleteness of combus- 
tion ^3 appeared raised, owing to insufficient volume of the 
available combustion chamber. Kxfierimental evidence shows that 

Q 

for attaining complete combustion ^ should not be estimated above 

280 -300 thousands cal. /m.^h. As regards the rate of heat liberation 

Q 

- being raised (as may be seen from Table II.) to a value exceed- 

ing the order of 900 thousand cal./m.^h., the mechanical losses, 
mainly due to escape with flue dust, begin to increase rapidly, 
attaining considerably high magnitudes at high rates of combustion. 
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Fig 4 Installation for chip combustion at the “Sokol" Mill (chain grate 
with sectional hot blast) 


TABLE II 

THE COMBUSTION OF CHIPS ON A CHAIN GRATE 


Rate of heat liberation 
per unit of grate area 

Q/R 

800 

900 j 

1,000 1,100 

o 

o 

CM 

thous. cal./m.®h 

Rate of lieat liberation 
perumtfurnace volume 

Q/y 

290 

i 

1 

330 ' 

365 

400 

440 

thous. cal./m.*h 

Coefficient of air excess 
behind boiler . . 

ac 

1 75 

1*58 

1-44 1 

1-31 

1-20 



Loss due to flue gases 
with T — t = 150“C. 

(? z) 1 BO 

111 

100 

1 

91 i 

8-3 

7-4 ' 

per cent. 

Loss due to chemical 
incompleteness of com- 
bustion 

9a 

0 2 

L5 

2-6 

3-3 

40 

1 

1 

per cent. 

Loss due to siftings . 

9* 

0 1 

0 1 

0 1 

, 01 

01 

per cent. 

Loss due to waste with 
flue dijpSt 

9c 

0 

1 4 

3-2 

5-4 

8-8 

per cent. 

Sum total of mechanical 
losses . . 

9a 

0 1 

15 

3-3 

5-5 

8-9 

per cent. 

Radiation loss ... 

9b 

3-5 

3 2 

30 

; 2-8 

2-6 

per cent. 

Comparative efficiency 
with r — < = 1 50°C 

Vf 

85- 1 

' 83-8 

820 

80-1 

771 

per cent. 
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For instance, with 1,200 thousand cal. /m.*h. losses with flue dust 
figure as high as 8-8 per cent. From the foregoing it is clear that 
the combustion of chip firewood requires a normal rate of combustion 

Q 

— of the order of 900 thousand cal m. ‘^h. which reduces mechanical 

K 

losses to about 1 -5 per cent. On account of the unavoidable increase 
of losses under ordinary exploitation, the mechanical losses in the 
table are increased up to 2 0 per cent., showing the characteristics 
of furnaces under working conditions. 

It may be stated that the combustion of chips on a chain grate is 
very economical, yielding a comparative furnace efficiency of no less 
than 88-5 per cent. Under test conditions the efficiency may be 
raised up to, say, 90 per cent on account of a further decrease of the 
excess of air, as well as due to a reduction of losses connected with 
both chemical and mechanical incompleteness of combustion. 

Thus, if 7' t be equal to 150°C., plants fitted with economizers 
may have a very high rate of efficiency, viz , 85-87 per cent. 

The combustion of firewood in the form of chips has entirely 
solved, both from a technical and economic standpoint, the problem 
of wood-fuel combustion in the largest power plants Moreover, the 
turning of wood pulp into chips will present an excellent opportunity 
of mastering the combustion of most varied kinds of wood refuse, 
e.g , branches, the refuse of sawmills and that of other wood-works, 
since, when worked over by means of choppers and turned into 
chips, such material, varied as it is, may be converted into uniform 
fuel, suitable both for transport and combustion. 

It is considered that this method of firewood combustion, elaborated 
by the Thermo-Technical Institute jointly with the Central Paper 
Trust, will soon conquer a vast field of opportunities for practical 
application, due to its obvious advantages and economy m use. 

Thus, the problem of firewood combustion in the U.S.S.R is now 
entirely solved with regard to both small and middle-size power 
plants as well as for the largest power stations, in which instance the 
efficiency of wood combustion usually exceeds that of the combustion 
of coal. 

The above considerations justify our fundamental conclusion that 
firewood, so far from being second-rate fuel, presents an excellent 
type of combustible material allowing a high degree of combustion 
efficiency. 
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COMBUSTION OF LOW-GRADE COALS ON CHAIN- 
GRATE STOKERS 

As seen above, the chain grate has been very successfully applied 
to the combustion of chip firewood , the application of the chain 
grate to the combustion of peat has proved equally successful in 
the U.S.S.R. In this section, we give data on the combustion of 
impure brown coals and small sizes of anthracite on a chain grate. 

Brown Coal of the Suh-Moscow Region 
The problem of the combustion of Sub-Moscow brown coal on 
chain grates has become important since the erection near Moscow | 
of the Kashira Generating Plant working on that coal. The funda- 
mental characteristics of Sub-Moscow^ coal are given m Table TIL, 
based on the combustion of fincb containing about 35 j:)er cent, 
of slack of sizes below 5 inin , 34 per cent, of lumps 5 to 18 mm. 
in size and 31 per cent, of lumps of 18 50 mm., at the same lime the 
fuel investigated contained nearly 14 [)er cent ol very small pieces 
of the size of 2 mni. The efficienl combustion of this fuel presents 

1AHLI-- HI (in tlirec parts) 

I I I FULL 

No I ! Kind --- 

of Design of Chain ot \ A<i V 

item (yratc liKisl Description ! 

Per cent 'Per cent iPer cent 


1 
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33 

31 5 

45 
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>- i 
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4 ; 

= 1 97 3 5 - 






5 1 

6 Oin “ 1 

" ' 





~^i’ 

Babcock & Wilcox 

Cold , 

Liogoslov 
l)H)wn coal 

33 1 

j 

15-0 

42-5 

7 1 
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Cold 1 

Tchelrabinsk 

22 1 

18 

41 5 

8 ' 

blast, 0 sections 

Ilul ; 

bujvvn coal 

20 

15 5 

43 5 

y , 


" 1 


20 

15 5 

43 5 

i 

10 1 

R = 2-42 X 5 0 = 
12 1 m = ! 

Hot ; 

Same — slack i 

20 5 

19 8 ' 

40 0 


Cold i 

Anthracite 


, 


1 



rice 


j 


12 





i 


13 




4 0 

18-2 

4-8 

14^ 


■■ 





15 

1 

1 

Hot 

Anthracite , 

9 5 

19 9 , 

4-8 


1 


culm ! 


i 



Note ; Individual losses and comparative efficiencies calculated in terms 
of net calorific value of fuel. 
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TABLE III — conHnued 
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g/ ' Qf 

i 
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i 
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die 
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1 

9a 

qs 

1 1 

: 9fl 1 
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1 1 

— 
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1 

i cent. 1 

cent. 



650 1 
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2 87 

13 9 

' 0-5 

' 4-3 

14 2 

7-9 

2990 

2670 

1 650 

335 

1-89 

11 7 

1-5 

1 1 6 

! 2 6 

1 5 
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1-69 

10-4 

2 1 

; 1 8 

2-8 

3 9 



1 1 50 
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1 55 
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2 5 

; 1 9 

! 3 5 ' 

10 9 
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1 42 
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, 2 0 

6-0 ; 

29 6 

3530 ' 

3 1 95 
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2 1 5 

fiV 
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i I'-i 

0-0 

1 20 
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4300 
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1 05 
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, 2 2 1 

20 

4820 
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2 9! 

0 4 

4DUr) 

1040 1 

395 

1 35 

7-9 

1 2-3 

1 3 

2-4 1 

0-5 

4525 
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780 
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j ..Mr, 
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4 6 

17 

5-2 1 
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! 1-34 

1 1 45 

1 1 33 
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0 

0 

0 6 

0 
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1 2 02 
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93 
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14 5 
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23 1 

61 9 
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1 1 9 
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77 5 
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great difficulties, its average moisture contents being about 33 
per cent, as fired, while the ash content of dry coal was of = 31 
per cent. 

After the Kashira Station had been erected, the combustion of 
Sub-Moscow coal was at first conducted on chain grates of different 
designs, cold air being blown in under the grate after the usual 
method. The best results obtained with the application of cold 
blast are given in Table ITT. Hence, the efficiency of combustion 
attained may be considered exceedingly low, owing to’ (a) great 
air excess, (b) enormous lo.sses through mechanical incompleteness j 
of combustion, vi: , uji to 26 per cent , (c) low grate capacity, as the I 
rate of combustion could not be raised above 650 thousand cal. m.%.; 
accordingly, the boiler efficiency amounted to 44 jier cent at best, 
the rate of evaporation being only 12 Kg. pier m - per hour. 

In order to improve the combustion of Sub- Moscow coal, the 
Kashira Station aji^ihed to the Thenno-Technical Institute, which 
suggested the combustion of Sub-Moscow coal using pre-heated 
air , i r , with hot blast Taking into account the lack of air pre- 
heaters, which were not available at the time, the I'hcrmo-Tcchnical 
Institute jirojioscd a very simple but ingenious method of air 
pre-heating by mixing it up with a part ot the fine gases evacuated 
from the combustion chamber. With that object one side of the boiler 
was joined to a small brick chamber communicating through a 
window with the combustion chamber, and through another with the 
external air, thus allowing regulation by means of shutters, the 
admission of both flue gases and air, thereby varying the temperature 
of the mixture fhe mixture contained approximately 20 per cent, 
of gases and 80 per cent of air and had a temperature up to 200°C. or 
less; the carbon dioxide content was about 2 2-5 per cent. This 
mixture was sucked in by a fan and blown under the grate. Thus 
the problem of obtaining hot blast of practically any desired tempera- 
ture was solved by means of regulating the percentage of gases 
admixed. The experiment was conducted on an old Babcock and 
Wilcox chain grate 1-97 m wide, with an active length of 3-5 m.; 
the grate area thus being R = 6-9 m.*. This chain grate, fitted 
with revolver bars, was located under a horizontal Babcock and 
Wilcox water-tube boiler with a 302 m.'* heating surface. As seen in 
Fig. 5, the grate was arched with long rear and also front arches, 
providing for sufficient mixture and the requisite direction of the 
gas streams, so that the stratification of gases should be eliminated. 

After application of the hot blast, the efficiency of the furnace 
had markedly improved, as seen from figures given in Table III. 
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The results quoted represent the average values obtained by the 
Thermo-Technical Institute from over 70 tests carried out at the 
Kashira State Station. In the first place, heat liberation has been 
raised to 1,400 thousand cal. m.*h., further increase being limited 
only by the capacity of the fan and, naturally, also by the furnace 
efficiency. The application of hot blast has markedly lowered the 
air excess and loss of combustible in clinker, having simultaneously 
reduced losses through falling between the grate bars (siftings) 
and waste with fuel dust, so that the mechanical losses have fallen 



Fig f) Installation tor combustion of Sub-Moscow brown coal on chain 
grate with hot blast 

from 26 per cent., as in the case of the cold blast, to 6-8 per cent. 
When hot blast was applied the efficiency of the boiler rose to 70 
per cent, with simultaneous increase of steam evaporation to 22 Kg. 

Q 

which corresponds to heat liberation: — =900 thousand cal./m.^h. 

K 

The marked improvement of furnace efficiency after the adoption 
of hot blast is characterised by the figures of comparative efficiency, 
Tfp given in Table III., viz.: = 59 per cent, for cold blast rises 
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to 81 per cent, for hot blast. As seen from Table III., the limit 

Q 

of efficiency of heat liberation per unit of grate area is ^ ^ 900 
thousand cal./m.^h. 

A further rise of this magnitude involves a great increase of the 
losses, mostly with flue dust and partly also in clinker, which 
cause a considerable augmentation of mechanical losses of the 
furnace in spite of a continuous slow decrease of losses with 
flue gases owing to an uninterrupted fall of the air excess 
coefficient with the rise of the rate of combustion. Magnitude j 

^ ^ 250 thousand cal m^.h. should be considered the normal 

heat liberation per unit of furnace volume for Sub-Moscow coal in 
the case of a chain grate, since, with the increase of this magnitude 
the augmentation of losses through chemical incompleteness of 
combustion becomes perceptible 

Thus 7^150 = 78 per cent, for a generating unit with temperature of 
flue gases i 175'C ; at 7 — t = 150' C 

It is plain that the pre-heating of air at the expense of the above- 
mentioned mixing of gases, constitutes but a very primitive method, 
though, as we have seen, it has had a very considerable effect. The 
pre-heating of the air may, of course, be earned out more effectively 
in the usual way, by means of air pre-heaters. 

As our numerous experiments and lengthy observations under 
usual working conditions have proved, the pre-heating temperature 
of 200"C. is altogether reliable and involves no trouble in the work 
of the chain grate, whereas a rise of the air temperature approxi- 
mately above 220- 250^ C causes a series of difficulties in operation, 
as, for instance, the ignition of lubrication and dust in different parts 
of the chain-grate mechanism, tending to prevent the regular work 
of the latter. 

Thus, the use of hot blast, a rational construction of furnace with 
chain-grate stoker, and a regular regime of work have afforded the 
means of successfully solving the difficult problem of the combustion 
of Sub-Moscow coal, exceedingly low grade fuel as it is 

All further experiments on the combustion of Tcheliabinsk coal, 
anthracite rice and anthracite culm which are to be dealt with below, 
have been conducted m the Boiler Laboratory of the Thermo- 
Technical Institute under the Garbe boiler of Krupp's works with 
heating surface = 300 m.^ and over a Babcock & Wilcox chain 
grate stoker with sectional blast, 2-42 m. wide, 5 m. long, i.e., with 
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grate area = 1 2 - Im. The chain grate had 6 sections with cylindri- 
cal valves for the automatic removal of fines dropping through the 
chain. 

Tcheliabinsk Brown Coal 

The Tcheliabinsk brown coal belongs to the variety known as 
“Pechkohle," and is therefore classed as intermediate between 
brown coals and coals. It is, as seen in Table III., characterised 
by a moisture content of 20 per cent, and ash content, — 15 or 20 
per cent., calculated in terms of dry coal. The results given hereunder 
represent the average data of the combustion of two grades of 
Tcheliabinsk coal at the Experimental Station of the Thermo- 
Technical Institute, VIZ. 

(a) Run-of-mine containing lumps 50 to 0 mm in size, part of 
which, VIZ., 28 per cent , is constituted of slacks of under 6 mm. size. 

(b) Slacks with 60 per cent of pieces 5 mm thick and downwards. 

The fundamental conclusions drawn from the experimental tests 
are given in Table III. Here again an improvement of the furnace 
efficiency is seen after the adoption of hot blast ; while, in the case of 
cold blast, the relative efficiency of the furnace amounted to about 
80 per cent., the adoption of hot blast resulted in raising the 
efficiency 86 0 per cent. This was attained owing to a reduction 
of excess air and was especially due to a decrease in the 
mechanical incompleteness of combustion. 

As may be seen from test results, normal heat liberation per sq. 
metre per hour for chain grate stoker when burning Tcheliabinsk 
coals should be estimated at Q/R ^ 1,000 thousand cal./m.*h., 
while the normal heat liberation per unit furnace volume shDi' I b 
Q 

~ = 300 thousand cal./m®.h. Here again the limit of the 

rate of combustion is mainly set by losses with flue dust, 
Q 

although the latter, with — = 1,000 thousand cal./m.®h. does 
not yet amount to much. 

When burning Tcheliabinsk run-of-mine fines with hot blasts, 
the furnace relative efficiency fell to 80 0 per cent, by reason 
of losses due to waste with flue dust, and especially to siftings 
through the grate. With the provision of such a design of furnace as 
would reduce the latter loss to a minimum, the furnace efficiency 
even when burning Tcheliabinsk fines could be increased up to 
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84-0 per cent., as may be seen in Table III. The location of arches 
for combustion of Tcheliabinsk coal is shown in Fig. 6. 

Anthracite Rice 

Anthracite rice is small sorted anthracite, with lump-size of 6 to 
12 mm. The experiments of the Thermo-Technical Institute dealing 
with the combustion of rice gave rather favourable results. With 
a rate of heat liberation of about 900 thousand cal./m^.h. the 
efficiency of the furnace was 17/^= 79 per cent.; should the waste 
of fuel through grate bars be only slight, this efficiency may be 
raised up to 82 per cent. The normal heat liberation per unit 

Q 

furnace volume should be assumed at -y — 350 thousands cal./m.®h., 
in which case chemically complete combustion is provided for. 



Fig. 6 Disposition ot arches for burning Tcheliabinsk Brown coal 


The combustion of rice over the whole grate area was extremely 
even, and required hardly any labour on the part of the firemen, 
being performed almost automatically. The arch enclosure of chain 
grate is shown in Fig. 7. Thus, the combustion of anthracite rice 
on chain grates may be said to be altogether efficient. 

Anthracite Culm 

Thfe results obtained with the combustion of culm over a chain 
grate were radically different. Notwithstanding repeated variations 
in the construction of front and rear arches, and despite hot blast 
and inforced cleaning of the fire, the effect was found to be far 
from satisfactory. The culm contained about 57 per cent, of pieces 
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below 2 mm., about 32 per cent, sizing from 2 to 5 mm. and 1 1 per 
cent, above 5 mm., while the normal upper limit of lump was 
established at 6 mm., culm being passed through a 6 mm. sieve. 

As may be seen from Table III., culm combustion in the very first 
place necessitated considerable excess of air = 2 0. Further, 
since our chain grate was found unsuitable for the combustion 
of fines, considerable losses through siftings were to be 
found, = 23-5 per cent. ; losses with combustible matter in 
clinker also reached a considerable figure, = 16-5 per cent., 
and finally, the efficiency was also greatly affected on account of 
waste with flue dust, ^^=65 per cent. Accordingly, the com- 
parative furnace efficiency equalled but 46-7 per cent. Even if 



I'lR 7 Disposition of arche.s for burning anthracite nee 

we should exclude the siftings — a loss due to an inadequate design 
of chain — the comparative efficiency, as may be seen from Table III., 
will not be above 61 per cent. However, a reservation should 

be made to the effect that the heat liberation selected, ^ =875 

K 

thousand cal m^h. appeared excessive, and a respective lowering 
would seem desirable since this might involve a reduction of losses. 

Thus, no satisfactory results whatsoever were achieved with 
regard to the efficient combustion of culm over chain grates. The 
only economic means would seem to be provided by combustion in 
pulverised form. 

General Deductions 

Our survey of the combustion of low-grade fuels on chain grates 
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will be confined to the above five examples. Now we may make 
the following general deductions concerning the efficient com- 
bustion of non-caking and small-size fuels with high ash contents : — 

(1) Hot blast proved highly effective for efficient combustion of 
moist brown coals. In this instance, a temperature of, say, 200°C. 
should be considered fully admissible as regards the chain grate. 

(2) W'hen burning the slack of non-caking fuels on a chain grate, 
losses through grate-bars prove rather considerable, therefore 
grates so designed as not to permit any considerable siftings should 
be selected. In the Hnited States in 1927, the author observed| 
that the Coxe chain grate gave very favourable results in thisV 
connection. This de.sign reduces sifting losses to a minimum, while' 
the blast sections are well sealed off — a feature meeting another of 
the fundamental requirements for the steady performance of a 
sectional chain grate. 

(3) StiU another loss for the same class of fuels is to be traced to 
waste with flue dust. This loss grows rapidly with a proportionate 
increase of heat liberation per unit of grate area. 

(4) When burning slack of non-caking fuels, the limit of heat 
liberation is mainly set by waste with flue dust, the normal heat 
liberation of a chain grate being, for anthracite rice, brown coals, 

Q 

and chips, within the limits of about = 800 to 1,100, or is on the 

A 

average of the order of 900 thousand cal./m.^h. 

(5) The heat liberation per unit of furnace volume ^ for brown 

coals, possessing a high content of volatile matters, should, when 
operating with a chain grate, be chosen within the range of 250- 
300 thousand cal./m.®h., while this value may be raised to 
Q 

^ ~ 350 thousand cal./m.®h. for anthracite. All at the same time 

a further increase of this value causes a marked chemical incomplete- 
ness of combustion. 

(6) The methods heretofore applied for the combustion of anthra- 
cite culm containing a number of small pieces cannot be said to 
permit any degree of economy in combustion; hence, a conclusion 
as to the inefficiency of burning anthracite culm over chain grates 
seems imphed. At any rate the existing designs prove wholly defective 
in this respect, so that the only efficient utilisation of anthracite 
culm would appear to consist in burning it in pulverised form. 
In this [respect splendid results, which may be said to offer a 
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final solution of the problem, have been achieved in the U.S.S.R. 
But all data pertaining to the latter will be treated separately in a 
second paper, the present report endeavouring only to discuss 
different fuels and furnaces with regard to their comparative 
efficiencies. 


PARAFFIN MAZOUT 

In connection with the considerable development of oil production 
in the new fields of the Grozni district yielding chiefly paraffin oil, 
great quantities of paraffin mazout have begun to invade the 
Russian market. As this kind of mazout has a very high pour 
point, vi ., 35"C and upwards, the consumers were naturally 
unprepared for the peculiarities of its utilisation, which caused 
considerable difficulties In the first place the unloading of 
the tank cars presented great trouble, since the mazout usually 
arnved at its destination in a solidified state, assuming the 
consistency of a solid body when transported in tank cars in winter 
time ; furthermore, certain inconvenience arose in connection with 
the pumping of the mazout from storage tanks to the boiler house, 
as well as within the latter , and lastly, the proper methods for its 
combustion were as yet insufficiently known. 

At the request of the Grozni Oil Trust, the Thermo-Technical 
Institute has performed experimental investigation of both the 
unloading and carriage of paraffin mazout as well as on its com- 
bustion. the greater part of the experiments having been 
carried out in the Boiler Laboratory of the Institute with the 
exception of some experiments which have been conducted, also 
by the Institute, on board a Volga steamship. A detailed report of 
these investigations has already been published in Russian in the 
Proceedings of the Thermo-Technical Institute, therefore we shall 
confine this paper to some brief fundamental conclusions drawn 
from the data obtained during this investigation. 

A thorough testing of over 100 samples of different mazouts 
has, in the first place, allowed us to carry out a study of their funda- 
mental properties, which may be summed up as follows; — 
Notwithstanding the commonly held opinion, the different varieties 
of mazout, all having a uniform specific gravity, give uniform 
ultimate analyses as well as calorific value, even though they may 
differ in pour point, which varies within the range of — 10° to 
4- 40°C. depending on paraffin contents varying from 1 to 1 1 or 
12 per cent. 

As to the viscosity of different grades of mazout, the former at 
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35°C. is equal for both paraffin and parafhnless mazout, having the 
specific gravity of about 0-903, while at further rises of temperature 
the viscosity coefficient of paraffin mazouts becomes even lower 
than that of paraffinless samples. At temperatures of the order of 
50°C., the viscosity varies within the limits of 3° to 4-5° Engler for 
all kinds of mazout. 

A theoretical study of the subject and a subsequent checking of 
experimental results have proved the erroneousness of the wide- 
spread opinion regarding the influence of the viscosity of mazout 
upon the perfection of atomisation, since the fineness of the latter 
depends not on the viscosity but on the surface tension of the mazout. ^ 
With the rise of the temperature of mazouts under test from 40° 
to 70°C., their viscosity varied within wide limits, viz., approxi- 
mately from 4° to 22° Engler, i.e., up to five or six times the 
original figure, while the surface tension within the same temperature 
limits varied from 0 00295 to 0-0027, i.e., up to 9 per cent. only. 
Inasmuch as the perfection of atomisation, as already mentioned, 
depends exclusively on surface tension, it was to be expected, 
a priori, that the perfection of mazout atomisation would not vary 
with a respective rise of temperature, notwithstanding the con- 
siderable change of viscosity. We have experimentally proved 
that, in case of vast variations of viscosity of different mazouts, 
viz., approximately from 3° to 23° Engler, the steam consumption in 
atomisers per 1 Kg. of atomised mazout, remains practically constant, 
provided the perfection of atomisation remains uniform. 

Thus, the generally existing view to the effect that the most 
suitable viscosity range lies between 7° and 9° Engler for steam 
jet atomisers and between 3°-5° Engler for mechanical ones, has 
in no way been supported by our experiments, being moreover 
devoid of any theoretical basis. 

For steam jet atomisers, the steam consumption on atomisation 
has proved independent of grade of mazout used in regard to its 
paraffin contents. It chiefly hinges on the design of the atomiser 
as well as on the burner load, being increased with a corresponding 
decrease of this load. From among the burners, the testing of 
which has given very good results as regards the economy of steam 
consumption, we can note the Babcock & Wilcox steam atomising 
burner, the consumption on atomisation of which under a normal 
load, has proved to be about 0*2 Kg. of steam per 1 Kg. of mazout 
atomised. 

A subsequent theoretical study of the process of oil fuel com- 
bustion in a boiler furnace involves the necesssity of special attention 
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being paid to the favourable direction of cracking during the 
initial stages of the process, which is important in obtaining perfect 
combustion with minimum air excess. 

Inasmuch as, according to the data furnished by Professor Bone 
and his collaborators, cracking runs with more symmetry in the 
presence of oxygen and at low temperatures, it is necessary 
;o direct a maximum air supply to the burner, provided this 
does not prevent the ignition and does not tear off the flame from 
the burner tip. Indeed, when acting accordingly, we obtain 
these two important conditions, viz., a considerable amount of free 
oxygen available and a decrease of temperature in the vicinity of 
the flame ; both these factors being indispensable in attaining the 
maximum symmetry in cracking as well as the direct oxidation of 
resulting products, ideally up to formaldehyde, thus eliminating 
smoke production. Utterly irrelevant is, therefore, the design of 
the furnace comprising air admission extending along the length of 
the flame, since air introduced at points remote from the burner 
cannot be sufficiently utilised in the furnace, the resulting multi- 
molecular hydrocarbons subsequently offering great opposition to 
oxidation. 

Accordingly, our furnace designs, based on the above principle, 
always enabled us to obtain perfect combustion in furnaces of 
minor volume, the excess of air being always very small and the 
amount of incomplete combustion products practically negUgible. 
In all experiments with fuel oil the excess of air, as determined 
behind the boiler, i.e., including all the air entering the boiler 
setting, was 1 -2 — 1 -25 (20 to 25 per cent, of excess air) in case 
of complete combustion, while the rate of heat liberation per 
furnace volume was 300 thousand cal./m.®h. The coefficient of 

Q 

air excess diminished with the increase of ^ as usual. During indi- 
vidual experiments, complete combustion occured even at = 
ITO or 1-12, but such a small excess of air had to be abandoned 
owing to prohibitive wear and tear of refractories. 

A very considerable hindrance in the combustion of oil, expecially 
when using mechanical burners, is caused by an intense wear and 

Q 

tear of settings at high ^ values, notwithstanding the air cooling of 

the brick walls. Therefore, it is advisable to use water cooled walls, 
as in furnaces for pulverised coal, in order to reduce the temperature 
of the furnace and have a smaller surface of refractories. Direct 
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measurements, carried out during ■ our experiments, have given 
readings up to 1 ,700-1, 800°C. and upwards for zones of maximum 
temperatures at high rates of combustion. 

Experiments with turbulent -flame furnaces of the "well" type for 
the combustion of oil gave no positive results in improving the 
efliciency of the process, t.e , the reduction of air excess, the testing 
of such furnaces revealed only considerable damage done to the 
refractories and a need for frequent repairs of the latter. 

As regards the question of unloading paraffin mazout from railroad 
tank cars, con.siderable experience has been acquired. At first, 
the usual method of introducing bare steam into the tank car was 
tried for the purpose of heating mazout The drawbacks of this 
method consist in the great loss of condensing water, which is an 
undesirable waste in uj)-to-date boiler houses, as well as m an 
excessive content of water which mixes up with the mazout, 
being heated up by bare steam 

As a matter of fact, special tank cars fitted with heating spirals 
have proved very convenient for unloading paraffin mazout, yet the 
railroads of U.S S K being rather short of such facilities, an c-xtended 
application of this method of warming has been found impractic- 
able, for which reason the Thermo-Technical Institute has develoiied 
a method proposed by Professor L K Ramzin, which consists in 
heating mazout in tanks by means of a hot jet of the same substance. 
To effect this, mazout is driven by means of a pump into a heater, 
where it is warmed up to the temperature of about I00-120^C , and 
then under a pressure of not lower than 10 15 atm it is introduced 
through a hose into the tank as a powerful jet striking upon the 
surface of solidified mazout Owingboth to thetherrnaland mechanical 
action of the jet, part of the mazout in the tank melts and is sucked 
back by the pump, so that a part of the mazout is continuously 
making a complete cycle, travelling between the tank, the pump and 
heater. As the heating process advances in the tank, part of the 
mazout is directed to an oil storage tank and the warming goes 
on until the whole tank car is in this way emptied. 

This method, thoroughly tested during a whole year of operation, 
affords approximately the same duration of overflow as the other 
two previously mentioned, but it eliminates the disadvantage of 
the latter, vi:., the loss of condensing water and the mixing of 
water and mazout, both involved in the first method; also the 
necessity of refitting the available tank-car with spiral heaters. 
Lastly, on driving mazout through pipe-lines between an oil 
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storage tank and the boiler house, as well as within the latter, 
we have succeeded in altogether dispensing with steam tubes 
often made use of within pipe-lines I'his has been arrived at by 
imparting the requisite gradients to the pipe-lines and fitting the 
latter, wherever necessary, with air cocks which allow, m case of any 
section of the line being shut off, to immediately evacuate it from 
oil, thereby preventing the solidihcation of mazoul in the cooling 
pipe-lines. Occasional blocks of mazout which, seldom as they did, 
formed in different portions of the pipe-line, were easily removed 
by joining steam pipes to the mazout carrying pipe-lme The 
introduction of steam into the pi])e-line always afforded a way of 
clearing blocks of solidified mazout. 

At any rate, the use of ])araihn mazout, with pour point of 30'’C. 
and upwards, practised by the Experimental Station ot the Thermo- 
Technical Institute for more than a year, has involved no trouble 
or delay due to blocks in the pipe-lines. 

Therefore, the problem of the utilisation of paraffin mazout has 
been solved in every detail as regards both unloading the tank cars 
and pumping mazout, as well as its efficient combustion. 

In regard to combustion efficiency the paraffin mazouts have 
proved absolutely equivalent to those free from piaraffin, demanding 
no special atomisers or furnace design ; the extra costs involved in 
the use of paraffin mazout are confined only to the heating of 
mazout in tanks and other parts of the plant. 

According to the numerous experiments of the Thermo-Technical 
Institute, the above total extra cost for paraffin mazout, as com- 
pared with that free from paraffin, amounts to as much as 2-2 per 
cent, on the average. Thus, the experiments of the Thermo-Technical 
Institute have proved the following : the combustion efficiency of 
paraffin mazout equals that of paraffinless mazout ; no special 
designs of burners of furnaces for combustion are required ; all 
troubles associated with unloading and hauling of paraffin mazout 
may be overcome ; the practical possibility and advantage of 
the operation of a boiler house using this mazout has been confirmed, 
not only by laboratory experiments of the Institute, but also by 
long-continued exploitation at its own experimental station. This 
opens a vast field to the utilisation of paraffin mazout in any season 
and in any region of the U.S.S.R., eliminating the strict distribution 
of particular grades of mazout among regions and seasons, as has 
been the case heretofore. 
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ZUSAMMENFASSUNG 

In Anbetracht des Verbrauchs bedeutender Mengen minderwertiger Brenn- 
stoffe in der U S S.R hat das Studmm ihrer Verbrennung bedeutende Fort- 
schntte gemacht und bereits zu einer Rcihe wirtschaftlich rentabler Bauarten 
gefuhrt 

Die Aufgabe der Holzverbrennung, sogar bei recht bedeutendem Feiichtig- 
keitsgehalt desselben, ist gegenwartig fur kleinere Anlagen durch Anwendung 
einer modifiziertcn Bauart der Planroste und Schachtfeuerungen durchaus 
gelbst. Bei grosseren Anlagen kommt ein neues Verfahren mit kiinstlich in 
kleine Stucke zerschlagencm Holz auf Wanderrosten zur Anwendung. 

Dieses neiie Vcrbrcnnungsverfahren von Holz in kleinen Stucken lost in jeder 
Hinsicht und ohne Erliohung der Breimstoffkosten die Aufgabe der Verwen- | 
dung von Holz in den gro.sstcn Anlagen, und gestattet, sowohl den Transport | 
als auch die Verbrennung des Holzes bei grosster Wirtschattliehkeit des 
gesaniten Prozesses zu mechanisieren 

Die Anwendung von ^^■ander^oslen bei feinen, feuchten und niclilbackenden 
Biennstollen, wie z.B bei Braunkohlo des Moskauer und Tscheljabinsker 
Bczirkes und kleinen Anthrazit-Sorten, ist als eine durchaus wirtschaftliche 
Losung der Aufgabe der rationellcn Verbrennung dieser Brennstoffe anzuselicn. 

Zur ralionellen Verbrennung leucliter und verunremigLer Braunkohle ist die 
Anwendung heissen Unterwindes bis 200^ von grosser Bedcutimg Wichtig 
ist auch eine nchligc Mauerung der Wandcrroste niit langen hinteren Ge- 
wolbcn und guter X'crmischung der Abgase. 

Zur wirtschaftlichen Verbrennung minderw^ertiger, feiner, nichthackendcr 
Brennstofle muss man Wandcrroste vcrwendcn, die ein Hindurchfallen des 
Brennstofles durch die Rostspalten auf ein Minimum beschranken, und die 
einen Zcinenunterwmd niit untereinander abgedicliteten Sektionen besitzen. 

Am wcsentlichsten zur Erreicliung einer hohen Wirischaftlichkeit der 
Feuernng isl die nchtige Wahl der Warmebeanspruchung des Rostes, die 
normal fur die Melirzahl der besproclienen Brennslofte urn 900 000 C'nl/m“St 
heruin srhwankt, wie auch die richlige Wahl der Warnudx'lastung des Peuer- 
raums, die zwischen 250 000-350 000 Cal ni-^St schwariken sollte 

Das Warmetechnische Tnstitut in Mosk.ui ha I die Aufgabe der Verbrennung 
parathnhalligen Masuts .sowt)Ii1 hinsichlhch seiner Au.sladung aus den Kisen- 
bahnzisternen und seiner Beiorderung durch Rohrleitungen als auch seiner 
wirtschaftlichen Verbrennung als Kesselfeuening allseilig gelost, wobei 
gleichzeitig erne Reihe von Fragen hinsicht hch der Higenschalten vcrschie- 
dener Masutarten, wie auch die Prozesse ihrer Zerstaubung und Verbrennung 
erleuchtet worden sind Dadurch wurde cs jetzt moglich, paraffinhaltige 
Masute unabhangig von der Jahreszeit in ganz Russland (in dcr ganzen 
Union) zu verwenden 

In dem Berichte sind die mittleren Ergebnisse zahlreicher im Warmetech- 
nischen Institut vorgenommencr Untersuchungen in Zahlenwerten angefuhrt. 
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FUEL STUDY IN THE U.S.S.R. 

Prior to the Great War little knowledge regarding the character- 
istics of Russian fuels was available, but as a result of the fuel crisis 
that arose during the war a special Government Fuel Board was set 
up and much interest in fuel was generally aroused. This gave the 
first impulse to a more complete study of Russian fuels and to a 
more systematic survey of their qualities; but it is only since the 
Revolution and the beginning of vState planning and standardisation 
that our problem was attacked on a really sound basis Owing to 
the nationalisation of industry and concentration of all records in 
government offices, specialists were afforded full opportunities for 
obtaining systematic mass figures. At the same time tlie opening 
of a number of scientific research institutes after the Revolution 
greatly fostered a purely scientific investigation of Russian fuels, 
conducted in a number of special laboratories. 

The present paper is the result of fourteen years’ study of Russian 
fuels by the author, and later under his direction by the Thermo- 
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Technical Institute. From its very establishment the Thermo-Techni- 
cal Institute has been continuously carrying on systematic work on 
the study of Russian fuels. The three following lines of approach by 
way of collecting materials are being made use of for the purpose: (1) 
The results of mass analyses at olhcial acceptances of fuel by railways 
and State industrial enterprises, at mines and oil-fields. The collection 
of such analyses is greatly facilitated by tlie fact that all results of 
fuel acc(*ptances 1)V railways are concentrated in the People’s Com- 
missariat of Tiansj^ort, while the results of Donetz fuel analy.ses 
for industrial consumers and recenth^ also those for oil — are all 
centred m the Institule. as the latter, in the capacity of arbitrator, 
is entrusted with the selection of samples for tlie greater part 
of the Russian industr\’. The mass acceptance analyses usually 
show the contents of moisture, ash, sulphur, volatile matter and 
calorific ^'alue, and sometimes also the hydrogen, required for 
calculating net calorilic a alue. In tins way we have fully reliable 
material lor judging of the purity' of average market fuels, and of 
the calorific x alue ol their combustible matter. In the following 
summary the elaborated results of more than 16,000 analyses of 
this type ha^’e been made use of. (2) The results of analyses 
carried out by tlie Chemical Laboratory of the Thermo-Technical 
Institute pro])er on behalf of industry, and also at numerous furnace 
and boiler tests at the Roller Laboratory of the Institute and at 
industrial plants. A considerable number of these investigations 
give also complete analyses of fuels, and often figures as to fusi- 
bility ol ash are to be found therein. Thus the Institute’s analyses 
corroborate the results of group (1), offering more complete infor- 
mation as to the combustible matter of fuels. 

Apart from its own analyses, the Thermo-Technical Institute also 
makes use of all other printed materials, as well as of the researches 
of other investigators and Russian research institutes. Here 
should be mentioned the works of the Geological Committee, the 
long and systematic researches of Prof. V. S. Krim on the Donetz 
Basin coals, conducted in the Central Chemical Laboratory of the 
Donetz Coal Trust, the researches of a worker on the staff of the 
Thermo-Technical Institute, Eng. A. P. Shahno, on the coals of 
KuZtietzk Basin, those of Prof. N. M. Kartashov on the coals of the 
Kusnetzk, Minusinsk and Tcheremhovsk Basins, the researches of 
the Central Chemical Laboratories of Azneft and Grozneft and also 
those of Ihof. A. N. Sakhanov and a worker on the stall of the 
Thermo-Technical Institute, B. G. Tichinin, on fuel oil. Further, 
the works of Pi of. N. P. Tchijevski in the Moscow Mining Academy, 
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the investigations of Prof. J. S. Stadnikov in the Chemical 
Institute in the name of Karpov, the works of the State Central 
Peat Research Institute, the Transport Board of Donetz Fuel 
Acceptance for tlie People’s Commissariat of Transport, and many 
other laboratories and institutions The results of these detailed 
and special investigations have given about 1 ,000 separate ultimate 
analyses. 

(3) The results of a purely scientific investigation ot l^ussian fuels 
as carried on in the Thermo-Technical Institute and in the above 
institutions on the distillation of coals, on the action of solvents 
upon coals, their microscojMc structure, extensive results of investi- 
gation of the inorganic matter of fuels, etc. 

As a result of the foregoing we are at tlie present mcnnent able {a) 
to obtain reliable data which may be considered as true average 
technical analyses of fuels at present consumed m the U.S.S R., (b) 
to carry on a really systematic and exhaustive study of the pro- 
perties of Russian fuels based on scitmtiiic research work. The 
systematisation of all accumulated mass material is, as already 
mentioned, contmuoii.sly carried on by the Thermo-Technical 
Inslilute, bv whose endeavours more than 20,000 .iTialvse*, have 
been collected during several yeais (including 4,000 technical 
analyses made by tlu* Chemical Laboratory of the Institute). The 
woik not only covers separate coalfields but also individual mines, 
and sometimes where conditions permit is evt'ii (‘xteiKled to coal- 
seams, so that the Thermo-Technical Institute will soon be able to 
issue the first Russian catalogue of lut‘ls. 


STANDARDISATION Ob' h'UEL DUALITY 
Tins had its beginning in pre-war Russia, as the first specifications 
for the su])])ly of Donetz fuels to railways were introduced as early 
as in 1909. These specifications were based on a classification of 
coals as to their caking power and content of volatile matter. The 
quality of coal was rated only after the contents of ash and sulphur. 
Later on, specifications were more than once reconsidered and 
were simultaneously given greater precision and more careful 
elaboration. 

At present, specifications for coal acceptance are required m all 
the principal regions of the U.S.S. R. Similar specifications exist 
also for the acceptance of fuel oil. This year, owing to the accu- 
mulation of the above-mentioned mass of material, it was once 
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again found possible to revert to the problem of fuel classification 
and to give greater precision to the specifications. 

The following public bodies take part in the elaboration of technical 
standards the Special Standard Commission of the Supreme 
Council of People's Economy, the fuel industry taken as a whole, 
the Bureau of All Union Thermo-Technical Conferences, and experts 
generally represented by scientific research institutes, scientific 
and technical councils and individual specialists. The schemes of 
classification and standards thus worked out are then passed to the 
State Planning Commission of the U.S.S.R., and after the latter hai 
pronounced itself they are ultimately confirmed by the supreme 
legislative authorities of the Republic. The fundamentals of the\ 
1925 standards, which are still in force, may be reduced to the\ 
following. 

Fuel Oil 

Fuel oil or mazout is sub-divided into four categories, differing 
only in regard to pour point. The pour point of the first class 
"A” should not be above— 1 OX., while a range of solidifying from 
+24°C. to -1-35X. is admitted for the last class. All other charac- 
teristics arc equally standardised for all four classes, viz., the lowest 
flash point should not be lower than fiO^’C. (50°C. for Grozni), 
maximum contents of mineral admixtures 1 per cent., alkali 0-1 
per cent, and moisture 0 per cent., while the maximum viscosity 
should not exceed 7° Engler. 

The above figures (with no consideration as to moisture) are 
given to the consumer as limits so that he may reject 
such fuels as would not be up to standard quafity. At the same 
time a determinate allowance off oil prices is made for surplus 
mineral admixtures (0-5 to 1 per cent.), and also for all the water 
content. 

Coal 

Coals are classified only for the Donetz Basin, which is noted for 
the variety of its coals. As to other coalfields, the character of coal 
is already defined by the very name of the particular coalfield, on 
account of the similarity of the main characteristics. Two main 
characteristic features underlie the classification of Donetz Basin 
coals. (1) characteristics of coke determining the caking power of 
coal, (2) contents of volatile matter in coal, as may be seen from 
the following table. 
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TABLE 1. 


NN 

Kind of coal 

l\Iark 

Content of volatile 
matter in dry 
ashless coal 

V® per cent 

Character 
of coke 

1 

Dry long flame coal 


More than 44 

Non-caking, pulveru- 
lent or slightly frit- 
ted 

2 

Gas coal 

r 

30 to 47 

Caked, melted, some- 
times porous (swol- 
len) 

3 

Steam fat coal 
(Bituminous coal) 

n.>K. 

25 to 30 

Caked, melted, com- 
pact or moderately 
compact 

4 

Coking coal 

K 

20 to 30 

Caked, melted, com- 
pact or moderately 
compact 

5 

Steam caking coal 

n.c 

I.ess than 20 

Caked or melted, from 
comjiact to mode- 
rately compact. 

6 

Lean coal 

T. 

Less than 20 

Non-caking, pulveru- 
lent or slightly frit- 
ted 


Such a primitive but convenient classification was adopted on 
account of the inefficiency of such schemes as Gruner’s, and other 
similar classifications for Donetz Basin coals. It should here be 
pointed out that Gruner’s classification is ]ust as impracticable for 
the coals of the Kuznetzk Basin. 

Apart from the above fundamental classes of Donetz fuel, the 
specifications embrace three special grades, viz., snuth’s washed 
coal, dry long-flame screenings, and navy coal. 

Non-caking coals and anthracites are sub-divided into grades 
depending on the size of lumps. The following grades of Donetz 
anthracites are recognised for home consumption. 

TABLE TI. 


Description 

Mark 

Size oi lumps in 

Lumps 

AD 

More than 5 

Large nuts ... 

AK 

5 to 1 

Small nuts . 

AM 

1 to ^ 

Rice N 1 

AC 

i to 1 

Rice N 2 

AC, 

J to || 

Culm 

AIII 

i to 0 

Run of mine (without lump) 

A.PUI 

5 to 0 
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Furthermore, the following special grades of Donetz anthracite 
have been selected: foundry and gas-producer anthraates. 

The set of export marks of Donetz anthracite is as given in Table 
III. 

TABLE III 


Description 

Russian 

Export 1 Size in Knphsh 

Corresponding 


rnai k 

mark 

] inches 

English mark 

Larpe 

AU 

A') 

5 and more 

Large 

l^uiiips 

AK 

A 4 

2 to 3 

Cobbles 

Larfje nuts 

AKC 

A3 

31 Icj 5 


Nuts 

AC 

A 2 

2 "to 3S 


Gas producer 

AT 

AI 

1 to 2 

French nuts, Paris 
nuts, stove nuts\ 

Small nuts 

AM 

AC 

il to 1 

TE'ans 

ftice 

Small nuts rice 

AC 

AC 

i to 8 

t*eas 

and culm i 

' AMCIll 

r c 

0 to 1 

Itubbly culm 

Culm . 1 

AID 

AD 

0 to \ 

Duff 


A similar sizing based on the dimension of lumps is used in the 
case of bub-Moscow Ba.sin brown coals, as in Table IV. 


Description 

T\BLE IV 

Mark 

Size of lumps in inches 

T-umps 

K 

Not less than 2 

Nuts 

() 

i to 2 

Peas 

C 

i to \ 

Fines 

M 

i to 0 

Run of mine (without lump) 

PM 

2 to 0 

For other non-caking or 

open-burning coals, 

namely, the Kizel, 


Tchelabmsk, Southern Kuznetzk, Tcheremhovsk and Donetz long- 
flame screenings, the minimum size of lump is standardised. For 


the latter types of coal and also for Donetz anthracites there is a 
fixed amount of culm, above which a reduction off the sale price is 
allowed. Donetz coals are also tested for mechanical strength 
with the object of minimising losses arising during transportation, 
and incomplete combustion, when flue dust and siftings are pro- 
duced in furnaces. 

The specifications for coals supply a hmit for the amount of 
moisture, which being exceeded calls for a discount off the sale 
prjee. Prohibitive contents of sulphur and ash are also provided. 
The specifications are based on the calorific value of absolutely dry 
coal, determined in a bomb calorimeter. The normal limits of 
calorific value are determined for every grade and coalfield, the 
stock price being raised when these limits are exceeded, and, vice 
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versa, an allowance is made when these normal limits are not 
reached. Finally, prohibitive limits are also given for the calorific 
value of absolutely dry coal. As already mentioned, the existing 
specifications were introduced only temporarily, and they are being 
re-examined and revised. 

MAIN CHARACTERISTICS OF RUSSIAN FUELS 
From the standpoint of combustion the basic characteristics of 
fuel arc as follow\s — 

hygroscopic moisture ol fuel, which is iinpiortant from the 
view pioint ol fuel classification, and as concerns drying pre- 
liminar}^ to grinding, 
moisture of fuel as fired, 
ash content of absolutely dry fuel 
It is obvious that ash content should be estimated only for abso- 
lutely dry fuel, so as to eliminate the influence of variable moisture, 
which, with many fuels, may fluctuate within a very wide range, 
thereby causing instability of ash content in fuel as lired. 

Now, since all technical analyses gi\^c only appiarent ash content, 
VIZ,, that directly obtained in laboratory by means of burning m a 
crucible, we everywhere refer to this particular magnitude only, 
i.e., laboratory ash content. When scientifically determining the 
true ash content, it is essential to introduce the value R, applying 
a correction for changes in the weight of ash due to presence of 
pyrite, sulphur, carbonates, hydrates, etc. Further, the ultimate 
analysis of fuel would be most efficiently reckoned from the organic 
matter, i.e., from fuel deprived of moisture, ash, and sulphur. 
Owing, however, to the fact that most technical analyses make no 
distinction between combustible and non-combustible sulphur, it 
appears more practical to give the ultimate analysis with regard 
to combustible matter, i.e., on the dry and ashless fuel. In this 
instance, again, it is not the true combustible matter that is under- 
stood, but only the apparent one, distorted by the arbitrary nature 
and inexactitude of laboratory ash determination. For obtaining the 
true figure of combustible matter we should introduce the correct- 
ing value "R” for ash, and accordingly also for fuel oxygen, which 
is usually obtained from the difference. The further symbols m the 
elementary compo.sition of combustible matter should be read 
as follows' — 

O percentage of carbon. 

,, hydrogen, 

nitrogen. 
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0" percentage of oxygen; owing to no correction for ash the 
magnitude (instead of 0^) is usually 

obtained; here R is the change (positive or 
negative) in ash weight when re-figuring to 
combustible matter. 

S‘ combustible sulphur contents. 

volatile combustible matter. 

Qg gross calorific valve of combustible matter. 

Qt. net „ =Q‘-5-H5{9Hn. 

gross ,, ,, fuel as fired. 

Qi net „ .. .. 

Since the characteristics of combustible matter arc known, it is,^ 
of course, easy to re.-calculate them for any given amounts of 
moisture and ash. 

Caking power is one of the most essential characteristics of coal. 
This controls losses due to combustible falling through the grate 
and being carried away in Hue dust. Readiness towards spon- 
taneous combustion and weathering and also the .softening tem- 
perature of ash are, likewise, among the fundamental furnace 
characteristics of fuels 

As a reliable objective characteristic of caking jiower from the 
standpoint of fuel resistance to outflow of dust during combustion 
is as yet lacking, caking jxiwer in Table V. is descrilied q’talitahvely, 
the corres])onding classes being taken from (Truner’s classification. 
Thus, I stands for the caking powei of a given coal to correspond 
with dry long-flame coals, IV to correspond with caking coals, etc. 
Zero shows complete deficiency of caking power, which is typical 
of anthracites, brown coals, etc. The fusibility of ash is every- 
where characterised by the softening temperature in .semi-red ucmg 
atmosphere, which always .secures a minimum value of this magni- 
tude. For judging fuel properties with regard to combustion the 
'above characteristics may practically be considered exhaustive. 

A summary is to be found in Table V. embracing all important- 
kinds of Russian fuels of industrial value at the presiiiit time. 

We must say that the table is far from characterising all existing 
Ru.ssian fuel, but deals with those only that are being worked at 
present, and the output of which tends to a.ssume a more or less con- 
siderable figure. The ballast figures contained in the table, viz., 
moisture and ash contents, are typical for industrial fuels marketed. 
They were determined by the many thousands of mass analyses 
referred to above. For most fuels the ash content of coals in seams 
should of course be plotted much lower. Further, the very 
184 



NN 

Kind of 

R< 


fuel 


1 


Fire 

2 

Firewood 

Fire 

3 


Fire ■ 

4 

Average peat (|‘ 

5 



6 

Brown 

S 

7 

coal 

Mq 

8 



9 


L 

10 

Brown 

coal 


1 1 


12 


Ea 

13 


Sit 

14 



15 



16 



17 ; 

Coal 


18 



19 



20 


D ) 

21 



22 


Bl 

23 



24 



25 



26 

Anthra- 

' 

27 

cites 


28 


4 

29 


i 

30 


4' 

31 


1 

32 


1 

Cau^ 



f 

33 


Fer(S 

34 

Coal 

I 


35 

36 

37 

38 


Kliz 

Bas: 


ed" 

Q'. 

Hygro- 
scopic 
moist- 
ure 1 

W* , 

Softening 
tem- 
perature 
of ash 1 
°C. 

Charac- 

teristics 

of 

coke 1 

! 

Weather- 

ing 

i 

1 Spon- 
taneous 
com- 
bustion 

2980 1 

8 

— 

Separate 



2885 1 

8 

— 1 

compact 



2950 1 

8 

— 

lumps 

Nil 

Nil 

3220 I 

1 I 

1160 




3380 I 

7 

1250 

0 



2965 

7 

1250 

0 

Very 

Very 

2760 

7 

1250 

0 

strong 

easy 

2715 

7 

1250 

0 



4600 

10 

1150 

0 

Slight , 

Nil 

3530 

17 

1110 

0 

Strong 

Nil 

3930 

17 


0 



4300 

10 5 


0 



4300 

11 


0 

1 


5160 

9 5 


0 

1 


5635 

5 

1150 

1 

Strong 

6445 

3 

1110 

11 

Considerable 

6795 

1-3 

1160 

111-TV 

Slight 

6930 

1 0 

— 

IV 

Slight 

7185 

0-7 

1 101 

TV 

Slight 

7430 

0 5 

1140 

V 

Nil 

7285 

1 

1180 

0 



7170 

1 

1180 

0 



6810 

1 

1180 

0 

Nil 

Nil 

()430 

1 

1180 

0 



5890 

1 

1 180 

0 



li500 

1 

1 180 

0 
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composition of combustible matter also represents a certain average 
for the fuels of a given coalfield or class, of course, in reality, more 
or less considerable deviations are always to be found from these 
averages. 

We have naturally introduced the necessary sub-divisions in the 
case of all fields, different portions of which produce fuels of 
varying description. But there again we had in view only the 
characteristics of existing market fuels. Some further explanatory 
comments on the table arc to be found below. 

Wood Fuf:l 

Since this particular kind of fuel is of especial importance under 
Russian conditions, we have, of late, made a senes of complete 
analyses of wood fuel, so that the composition of the latter is 
characterised by more than 100 complete analyses, and may, there- 
fore, be said to be altogether reliable. For Russian genera of timber 
the calorific value of combustible matter taken from coniferous 
trees is about 150 cal./Kg., or 3 per cent, higher than that taken 
from foliate trees. 

Pi. AT 

The table gives the average quality of jicat from the central indus- 
trial region of the U.S.S.R.. since it is this particular area that 
supplies the predominant amount of peat generally produced. 
Ukrainian and, partly, also Ural peats give a much higher ash content, 
A^^ = \b to 20 per cent. Similarly, for Rassian peats the percentage 
of carbon in combustible matter (ash and moisture-free fuel) 
generally varies within the range of C^= 52 to 64 per cent., depend- 
ing on the age of the given peat. The predominant number of 
peats produced in the central industrial region have, however, a 
composition closely approaching that indicated in our table. The 
age of peat also determines the contents of volatile matter, for 
Russian peats it may be expressed by the following empirical 
formula. F'' = 157— 14-7C‘' per cent. 

Brown Coals 

Under Russian conditions brown coals are of quite secondary 
importance. Of all fields worked at present, only the brown coals 
of the Sub-Moscow, Bogoslowsk and Tcheliabinsk regions have 
any industrial value. Some Siberian mines are also exploited at 
present, namely, those of Tchernovsk, Kivda, Zyboonny and 
Tavrichansk. The rather numerous remaining .seams of brown 
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coals in the U.S.S.R. have either not been worked at all, or have 
been abandoned, or still have an altogether insignificant output for 
local consumption onl3\ All such deposits have not been incor- 
porated in the table. 

COALvS 

Coals are adecjuately represented by all existing coalfields and 
types assuming any industrial importance at the present time. 
The leading place is taken In' the Doiietz IHasin, covering about 
77 per cent, of the output, next comes the Kuznetzk Basin with 
about H per cent., and at last, the Kizelov'sk and Sub-Moscow 
Basins with 3 per cent, each, so that the said four regions give as 
much as 91 per cent, of the total coal out])ut of the U S.S.R 

As nia}' l)e seen from the taliie, onl\' the Sub-Moscow brown coals 
and Kizel-Tunievsk coals possess a liigh ash content, while ash 
contents average 11 to 12 per cent for the remaining coals and 
brown coals 

Anthiacites are at jiresent nearlv exclusively obtained from the 
Donetz Ikcsiii. An insignificant jiruduction of anthracite also takes 
filace in the ^’t'gorshin and Poltavo-Brcdinsk regions in the Urals. 

All evidence deiived Irom chemical analyses and contained in the 
table refers solely to grades marketed in the interior of the country. 
All export grades are considerably higher. 

Oil Siialls 

These are represented in Table V. by three fields, the Veimam field 
near Leningrad, and then the Undorsk and Kashpoorsk fields in the 
region of Sizr an and Oolianovsk (Middle Volga). An inconsiderable 
production of oil shale now takes place in the Veimarn district only. 

Since oil shales contain a large amount of carbonates, and their ash 
weight is, therefore, considerably distorted, their ash content in the 
table IS given as the sum of two magnitudes, of which the first 
stands for apparently laboratory ash, obtained as residue after 
burning in a crucible, and the second stands for carbonic acid 
resulting from the disintegration of carbonates, so that the sum 
shows the true ash contents (without correction for hydrates, 
pyrites, etc.). Accordingly, the calorific values of combustible 
matter are shown both for apparent combustible (obtained through 
subtraction of moisture and laboratory ash) and for true combustible 
matter obtained after subtraction of moisture and true ash. 

The ultimate analysis of oil shales is given with estimated true 
combustible matter. Content of volatile matter is shown together 
with carbonic acid, produced from carbonates, and for apparent 
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combustible matter. As most analyses lack the necessary data 
for re-figuring to true combustible matter, an analytic sub-division 
of carbonates is extremely difficult. 

Oil shales assume hardly any industrial importance at present. 

Bogheads and Sapropelites 

These are now hardly worked at all. A small number of bogheads 
is only produced in conjunction with the brown coals of the Sub- 
Moscow Basin. A large number of bogheads and sapropelites, rich 
in volatile matter and tars, is to be found m numerous but small 
Siberian fields, of which the Matagan, Olonkov, Khaharei, Barhat, 
Kasianovsk and Priangarsk should be mentioned. 

Mazouts 

In connection with the work on the combustion of mazouts with high 
paraffin content the Thermo-Technical Institute has in recent years 
carried out a number (more than ninety) of complete analyses of 
Russian mazouts, with pour points up to 40 ""C. Our researches 
proved the elementary composition of all four grades of Russian 
mazout to remain constant, in accordance with the composition 
shown in Table V. as the specific gravities of all four grades 
fluctuate within a very small range, namely, only 0.900 to 
0.906 on the average The average content of fioridine tars was 
also found to be very close for all four grades, averaging about 
1 1 per cent. The paraffin contents of paralhnless mazout, grade 
“A," with pour point below — 10°C., was about 1-6 per cent., 
increasing up to 10-5 per cent, for paraffin mazout with average 
pour point +35”C. 

At a temperature of 50°C. the average viscosities of mazouts were 
likewise found to be very close to one another, lluctuating about 
4°Engler, easily solidified paraffin mazouts having at temperatures 
somewhat above 35°C. even a lower viscosity than paraffinless 
mazouts (viscosity being ascertained mainly through the avail- 
ability of tars) and rising to 20 to 30°Englcr, and still higher with 
tarry mazouts. When the specific gravity of mazout increased, the 
hydrogen contents and calorific value of combustible matter are 
necessarily reduced. 

AN EFFICIENT CLASSIFICATION OF FUELS 

The accumulation of analytic material in sufficient quantity now 
enables us to face the problem of an efficient classification of Russian 
fuels, mainly from the standpoint of furnace technique. We do 
not intend here to propound the important and complex problem 
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of fuel technology, undertaking only to give a brief survey of the 
general lines along which the elaboration of this problem is being 
earned on in the Thermo-Technical Institute. We also want to 
single out some peculiar lines of approach which we have found 
efficient in the present instance. 

Taking into account isomeric phenomena, it is possible to say 
from the \'erv outset, that only one elementary composition cannot 
by anv means underlie a complete classihcation of fuels. Hence, 
Seyler's well-known classilieation, for instance, would not offer a 
relevant solution ol the problem Let it suffice to refer to a tv]-)ical 
instance r)f a Sapromixite. so called the “Tornit," discovered on 
tlie hanks oi the Tom iiwr in Siberia by A. A Smatkov As 
disclosed bv the investigation of Prof N. D Zalesski, the composi- 
tion of organic matter of thi.s Sapromixite was as follows — 

( " -- 82-7 per cent 

77" 5 ])cr cent 

0“ -k A’" = 12-3 per cent. 

Thus, as legards its elementarv composition this Sapromixite 
hardly ditiers at all from common coals, but the distinction becomes 
ver\’ salient if one remembeis that with this Sapromixite the per- 
centage ol volatile matter is 93 per cent, (organic matter), while 
coals ol same composition have but 25 to 40 per cent, of volatile 
matter Judging from available materials it would appear pro- 
bable that an efficient scientific cla.ssification of fuels might be made 
on the ground of these three ba.sic properties contents of C'° H° 
and 1 ■■ (the latter symbol standing for volatile matter) in the 

organic matter of fuel which matter is the sum of 
One would be inclined to think that the said three factors fully 
determine the properties of fuel, for 0^ is determined from (y 
and W, hence, the elementary composition of the organic matter 
and, consequently, also its calorific value are thereby ultimately 
determined, the calorific value being practically always a homo- 
logous function of fuel composition. Now, the contents of volatile 
matter characterises just that particular property of fuel which 
cannot be accounted for by its elementary composition, because of 
the ^above-mentioned isomeric 'phenomena. At the same time the 
contents of volatile matter is the most important characteristic 
both as regards the inherent chemical structure of fuel and the 
furnace process, because the combustion process and, consequently, 
also the design of the furnace will evidently in the first place depend 
on the distribution of liberated heat between the fuel bed — viz., the 
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grate — and the combustion chamber. Knowing the calorific value 
and the contents of volatile matter we can now judge how much 
heat is liberated in the fuel bed. and how much in the combustion 
chamber. We can also judge not only of the quantity but also 
of the fundamental composition of volatile matter burning in the 
combustion chamber. 

With reference to the data collected, we believe that these three 
factors also determine the fourth, namely, the caking power of coals. 
Should this surmise, however, not hold good, it is, nevertheless, 
certain that caking power should be recognised as one of the funda- 
mental classification features of coals. Apart from the fact that 
the caking powc'r of fuel determines its use for various technical 
purposes it appears to be a fundamental projicrty of fuel also from 
the standpoint of the combustion process. 

Numerous comparative testings of various coals and brown coals 
made in the Boiler Laboratory of the Thermo-Tcchnical Institute 
have shown that with a high rate of combustion on the grate some 
of the most considerable losses with non-caking fuels are due to 
their being carried away by flue gases. This loss sometimes amounts 
to 20 to 25 per cent, and more of the calorific value of the fuel, and 
at length determines the whole efficiency of the coTnbu.stion process. 
Therefore, when burning fuel on the grate, caking power, 
considered as the capacity of providing a reliable resistance to the 
escape of flue dust, is one of the main fuel characteristics, 
determining the possible combustion rate as well as efficiency in 
combustion. 

Unfortunately, up to date no methods for determining caking 
power from the standpoint of furnace technique have been 
devised. As our investigations have proved. Campredon’s method 
also fails to achieve positive results in this connection, for very often, 
ceteris paribus, we obtained much larger losses in flue dust for one 
fuel, as compared to another, although the former had a much 
higher index when subjected to the Campredon test. 

Having in view to elucidate caking power as the capacity of 
resisting flue dust escape, the Thermo-l'echnical Institute is at 
present undertaking systematic laboratory researches in this 
direction. A specially designed contrivance has been built for the 
purpose. It consists of a small laboratory oven capable of collect- 
ing aU particles carried away in cyclones and dust collectors. We 
are not going to anticipate the results ol this as yet uncompleted 
work, but we have purposely called attention to it in order to 
emphasise the importance of caking power from the standpoint 
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of its practical recognition, and also the necessity of working out 
laboratory methods of quantitative measurement of this leading 
fuel characteristic 

From a purely practical industrial point of view we might do with 
three characteristics only, z'tz , contents of volatile matter, calorific 
value of combustible matter, and caking power. In other words, 
the classification of Prof Parr (in 1922) would appear altogether 
sufficient It should, however, hy all means be supplemented by 
the characteristic of caking power 
It is owang to these considerations emphasising the tremendous 
importance of caking power that this characteristic w'as recognised 
as underlying the classification of Donetz coals 
Concluding my jiaper, 1 should like to exj^ress a wish regarding 
a certain unification both as regards methods of laboratory fuel 
investigation and also commonly employed terminology and 
symbols When co-ordinating large numbers of analyses one con- 
stantly has to W'aste a tremendous amount of time deciphering 
individual analyses for the purpose of ascertaining whether the 
given values relcr to moist or dry coal, wdiether gross or net calorific 
value is understood, if general contents, or only combustible sulpdiur 
is given, etc., not to speak of laboratory results often needing these 
or other corrections fully dependent on the analytic methods that 
are applied in the given instance. I'he Puireau of Thermo-Technical 
Confeiences in the U S S R. has, to a great e.xtent, already fulfilled 
this work, thanks to which fact w^e, in the U vS S.R., now possess 
standard methods of laboratorj^ fuel analysis, as well as a single 
terminology and one system of s\Tnbols This greatly facilitates 
the co-ordination of numerous analyses, eliminating all misunder- 
standings and often even those blunders, which sometimes occur in 
laboiatory methods ihe ever-develoj)ing co-operation of all 
nalioris in the solution and elaboration of scientific problems to 
which the swift scientific and industrial progress of the last few years 
is certainly due, calls ever more insistently for an international 
unification of laboratory methods on a world scale, as well as for a 
common language in the terminology and symbols pertaining to 
fuel investigation It seems high time to undertake a similar work 
also„in the domain of furnaces, boilers and power plant test. 

I believe that the World Power Conference, which so truly ex- 
presses the co-operation and scientific fellowship of different nations, 
should take the initiative in this important problem, the solution 
of which would greatly facilitate the exchange of scientific and 
industrial experience gained in individual countries. 
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ZUSAMMENFASSUNG 

Dank der Verstaatlichung der Brennstoffindustne und der Mdglichkeit, ein 
ilinfangreiches analytisches Matenal in bezug auf die Eigenschaften der ver- 
schiedenen Brennstoffe zii crhaltcii, wie auch dank der Entwicklung der 
Institute fur wissenschaitliche Untersuchuugen m der U S.S R , Iiat das 
Studium der Eigenschaften russisclier Brcnnstode vvahreiul der Ictzten sechs 
Jahre bedeutende Fortschntte gcmaclit Auf (jruiid /alilreichur nachgepriifter 
Analysen, welche die ( iesanitinasse des lechnischen Rrennstofles genau 
charakterisieren, haben wir lieiite die voile Mdglichkeit, eine durchau'^ sichere 
Charaktcnstik der russischen Brennstoffe zu geben 
Die Arbeit des Staales auf dem (icbicte der Standardisierung der I iidiistne, 
wie aucli die Arbeit der wariiieleclinisrhen Konterenzeri und wisseiischaft- 
lic hen Instil nle der Republik haben b(‘rciis ziir Schaftung geUiiuer technischer 
Lielerungsbedingungen und Normen lur Brennstolle gelnlirl nnd die n )tige 
Klarlieil und I’ra/ision in die Beziehungen zwisclien Lieleianten und 
Konsninenteii des Brciinslo(h‘s gebracht und gleichzeitig die Vertielung des 
systeinaliscdien Studiuins der russischen Breiiiistofle gelurdcrt 
Das' voni W'armeleciinisclien liistitut in Moikau systeriialisch gesaniniclte 
uinlangreiche annlNliscdie Material in (ieslalt von vielen taiisend Ihvniistoff- 
aiialysen gewaJirt lieiile die Moghehkeit, als ResiilLat der vom Instil iit vor- 
genoininenen Bearboitung dieses Materials eine klare Vorstellung von den 
tatsachliclien derzeitigeii J^agenscliafteii des Brennstoffcb nicht nur dcr 
cin/elnen Bezirkc, sondeni aiith <ler einzelnen Cirubenlloze /u erhalten 
Die angebilirle 'I'abelle bringt eine Znsamnienfassung der ge jfenwarl igen 
Elauptmei kinale lur sainthchc Arten russischer Brennslofte, denen heute 
indiistrielle Bedeiitung zukoiiimt Diesc aul ('rnind von inehr als 20 000 
Analysen zusainmengestelltc Tabelle charakterisiert demnacli genugend 
sichcr den heutigen russischen indiistnelien Breiinstoff 
In Anbetraclit der doriiinierenden Bedeutung der Backfahigkeit des- Brenn- 
stolles Innsichthch seiner wirtschafthchen Ausnutzniig in I'enerungen und 
■eincr anderweitigen techiiisclicn Vervvendiing muss die Backfahigkeit sowohl 
vom wisseiischalthchen als auch vom praktischcn Staridpunkte aiis einer 
rationellen Breimstofiklassifikation zu Ciriinde gelegt werden Das Fehlen 
objektiver nnd rationeller Methoden zur Messung des Zusammenbackungs- 
grades, hauptsachhch vom Standpunkt dcr Heizteclmik, macht die vom 
Warmetechnischen Institut in dicser Richtung bereits begoniiene Arbeit 
unerlasshch Es werden kurze vorlaufigc (Jberlegungen Innsichthch der 
Grundpiinzipien fur die Aufstellung einer rationellcn Klassifikatioii der 
Brennstoffe gegeben 

Zweeks Erleicliterung und Erhohung der gegenseitigen wisserischafthchen 
Mitarbcit der einzelnen Nationcn, wovon die gegenwartig tagende Konferenz 
ein eklatantcr Bcweis ist, muss man eine Internationale Unifizierung der 
umfangreichen Laboratorinmsuntersiichungsmethoden bei den versclnedciien 
Brennstoffen, wie ai4cli eine emheitliche Terminologie und Symbohk anstrebeii. 
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The Italian Situation with regard to Fuel 

The ])r()blcms of heat and fuel are, perhaps, the difficult 
questions which weigh on the economic and also the political situa- 
tion of Italy 

Italy on the whole possesses few minerals, particularly as 
regards both liquid and solid fuel. Italian imports of coal reached 
14, 000, ()()() tons in 1926, and the total importation of oils amounted 
to 1 ,000,000 tons. 

The.se figures, which even surpass any pre-war ones, prove that 
industry in Italy is developing and growing, but they also show 
that about 2^ milliard liras have to be found yearly, to provide the 
necessary blood for our industrial life. 

The Italian water-power resources are considerable. It would be 
imprudent to give, at present, any figures in connection with this 
natural wealth; rather, it is advisable to wait for the re.sults of the 
careful investigations now being carried out by the R. vServizio 
Idrografico of the Ministry of Public Works, on the developed and 
undeveloped water-power resources of the various Italian regions. 
We can, however, state that utilisation of water-power resources 
is proceeding in this country with great industrial activity, and is 
being carried out with a very high degree of technical perfection; 
and that of late years the increasing number of hydro-electric instal- 
lations was not accompanied by a proportionate increase in the 
demand and consumption of power. 
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Italian water-power resources, for the most part in mountainous 
territory, are generally irregular in supply, requiring costly works 
when constructed, and must often be supplemented by thermo- 
electric power plants. 

To sum up, if we take into consideration the increase in population 
and the continual growth of Italian industries, we must not expect 
the development of the utilisation of hydro-electric energy appre- 
ciably to reduce the importation of coal and petroleum in the near 
future. 

Italy possesses several deposits of peat and lignite and insignificant 
quantities of coal. The total amount of these fuels of home origin, 
according to present data and forecasts, is from 400 to 500 million 
tons. 

More than two-thirds of this modest total is made up of peat and 
of very young lignite, for the greater part with high moisture 
content (40-50 per cent.), and high ash content (15-35 per cent.). 
These resources arc distributed among about fifty deposits, of which 
many are very small, and the cost of excavation is generally high. 

Notwithstanding the abundant superficial indications and the 
favourable opinion of many geologists, Italian petrol wealth, as so 
far ascertained, is extremely limited, and such as to allow of an 
annual production of only about 5,000 tons, viz. 0-5 per cent, of the 
total quantity imported. 

There are many springs of natural gases all over Italy, but their 
usually limited output and their location in almost inaccessible 
places and far from industrial centres has so far hindered their 
being worked. 

Italy also possesses fairly important fields of shale and bituminous 
chalk, especially in vSicily and in the Abruzzi. 

Although we have not as yet very certain data on the extent and 
wealth of these fields, it appears that they are important. At present 
they arc only partially worked, and almost exclusively for asphalt 
for street pavements, or heavy oils. There is no doubt that these 
minerals are, in addition, capable of yielding light oils and motor 
fuel by simple distillation or by distillation followed by cracking 
and hydrogenation. 

Although it is not likely that the fuel oils and motor fuel obtainable 
in this way can in the near future enter into competition with the 
derivatives of petroleum, these mineral fields undoubtedly constitute 
a valuable reserve for Italy, and it is essential that they should be 
carefully examined so that when necessity arises, all the data for 
their profitable use may be available. Industrial studies and 
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trials of these shales are in hand, under the supervision of, and with 
the support of the Government. 

These being the conditions in Italy with regard to fuel, it is evident 
that the work of the Government, of the technicians, and of the 
manufacturers of this country must above all be a work of research, 
of study and of education with a view to attaining the following 
objects: — 

(1) Ascertaining the quantity and the quality of the national 
resources. 

(2) Development of study and research in the matter of fufel 

and thermo-techniques, for the purpose of making the mo^ 
rational and complete u.se both of the modest national 
resources, and of the costly imported fuel, with an eye ai 
the same time to the development of up-to-date processes 
for the preparation of new fuels. \ 

(3) Instruction of specialist technicians in questions of 
combustion and fuel. 

(4) Education of consumers in economy in the use of fuel, 
controlling from this point of view the characteristics 
and the working of industrial thermal plants and of those 
industries which in any way work or utilise fuel. 

Asckrtainment of Resources 

With regard to ascertaining the quantity and quality of the national 
resources, the National Government is energetically reviewing and 
completing all data already to hand, and is also urging, organising, 
and controlling mining operations of old and new mines. 

Among the recent (iovernment enactments in this connection, 
may be noted the reform of the mining law which lays down that 
the mineral rights are the property of the State, which controls 
the researches and the mining activities of the grantee, and also 
establishes the principle of the repeal of concessions whenever the 
activity of the grantee should appear not to be in harmony with 
the demands of the national economy. 

For enforcing the mining law for the concessions and the granting 
of Government subsidies towards private and industrial initiative, 
the Ministry of National Economy makes use of the judgment of the 
"Consiglio Superiore delle Miniere, constituted of eminent specialists 
nominated by the Minister himself. 

As regards research work on petrol, this was entrusted to a special 
body controlled by the Government — the Azienda Generate Italiana 
Petroli — which has undertaken an extensive series of enquiries 
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based upon the examination of superficial manifestations of a 
geologic, geophysic and geoseismic nature, and boring in carefully 
chosen localities. 

The exploration of the subsoil and the experimental mining are 
supplemented by the technical chemical examination of the various 
products on the part of specialist laboratories, and above all by 
the Fuel Section attached to the R. Polytechnic of Milan. 

Fuel Studies and Research 

The poor resources as regards fuel and also the limited development 
of industries in this country up to a short time ago, have been such 
that the study of the technique of combustion, up to the last few 
years, has been insufficiently developed and has, above all, lacked 
any co-ordination. 

The first centre of studies on fuel originated and gradually developed 
in the High School of Industrial Chemistry, founded in Bologna 
seven years’ ago under the direction of Prof. Mario Giacomo Levi. 

The National Government, which had from the beginning morally 
and materially supported Professor Levi’s initiative, instituted 
in 1926 under its own direction, a section for studying and systemati- 
cally investigating fuels, with a subsidy of 250,000 liras per annum. 
This section, which in 1927 with Professor Levi and his principal 
collaborators was transferred to the R. Polytechnic, Milan, is charged 
with the chemical- technical study of fuel and combustion; and acts 
as a consultative body lor the Ministry of National Economy in this 
matter. 

The studies so far developed by Professor Levi and his collaborators 
at Bologna and Milan have aimed principally at: — 

(1) The thermal and chemical examination of the principal 
Italian deposits of peat, lignite and fossil coal, with special 
regard to their behaviour when distilled at low temperature. 

(2) More detailed researches on the distillation of the products 
of some of the most important deposits, with examination 
and work on an industrial scale of low temperature tar. 

(3) Study of sulphur compounds and of the possibility of 
desulphurisation of the vast Sardinian and Istrian fields of 
pitch lignite, which contains as much as 10 per cent, 
sulphur in the natural fuel. 

(4) Studies on hydrogenation by the Bergius method, of 
Italian lignite, and also of their semi-coke and their tars. 
Studies of hydrogenation and cracking under pressure of 
shale oils and heavy Italian petrols. 
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(5) Examination of about a hundred natural springs of 
combustible gas in central and northern Italy with tests 
on extraction of gasoline from gas from the petrol region.^ 

At present, the Fuel Section, which has just finished its new instal- 
lation at the R. Polytechnic, and which possesses a very modern 
and complete plant, both for analysis and for laboratory researches, 
and for demonstrations of an industrial kind, is engaged upon making 
researches of synthesis from water gas at ordinary pressures and 
under pressure, further researches connected with hydrogenation in 
the presence of catalysers, demonstration of the manufacturje 
of gas from Italian fuel, study of bituminous rocks, study of the 
radio-activity and rare-gases content of natural gases and of the 
possibility of utilisation of these gases. \ 

Besides the Fuel Section, other laboratories are engaged in the 
study of fuels in Italy. 

The National Council for Research have nominated a special 
committee for the co-ordination of these studies. 

Further, certain industrialists have taken the initiative in making 
trials of low temperature distillation, and of the synthesis of methyl 
alcohol. 

Training of Fuel Technicians 

As regards the instruction of young experts in technical matters 
connected with fuel and combustibles, the first step was made 
with the institution of a course of chemical technology of heat 
and fuel at Royal College of Industrial Chemistry, of Bologna, in 
the year of its foundation. 

In 1927, when Professor Levi was transferred to the Chair of 
Industrial Chemistry at the Polytechnic of Milan, he applied for 
and obtained the institution of a similar course to be held by 
Professor Padovani for the pupils of chemical industrial engineering 
at the same College. 

In the same year, owing to the initiative of the Italian gas industry, 
which supplied the necessary funds, a six months’ course in gas 

^ The researches executed by the Fuel Section during its first years of activity 
have been collected in a book: "Studies and Researches on Fuel," edited by 
the National Association of General and Applied Chemistry — Rome — Via 
3 Novembre, 154. 

The authors regret that the work necessitated by the recent installation at 
the Polytechnic has prevented them from contributing more recent personal 
work to the Fuel Conference of London, but have placed at the disposal of 
the English Technical Committee ten copies of this volume. Other free 
copies may be obtained for the heads of the Foreign Delegations by applying 
to R. Polytechnic of Milan (Italy) — Sezione Combustibili. 
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engineering was instituted, open to those graduates in engineering 
who intended devoting themselves particularly to the gas industry. 

Lastly, during the academic year 1928-1929, the Polytechnic 
of Milan will open a thermo-technical school, comprising annual 
courses on chemical technology, and the physical and mechanical 
technology of heat, together with laboratory and factory practice. 

This course will also be reserved for young men who have graduated 
in engineering, and will give a diploma of specialisation in thermo- 
technical engineering. 

In this manner, a complete centre for the thermal, chemical and 
mechanical study of the problems inherent in fuel, and for the 
education of experts specially adapted to the study of thermo- 
technical problems, will gradually be formed at the Polytechnic of 
Milan. 

Economy and Contkol of Combustion 

The education of the consumers and control as regards the economy 
of combustion is also a matter of particular care by the National 
Government. This attention shows itself in the activity of the above- 
mentioned organisation, and is also shown in the publication of 
decrees and special provisions dealing with the most urgent problems. 

We quote (among other things), by way of example, the government 
decree for the compulsory recovery of benzol by gas and coke works; 
that for the compulsory use of fuel of home origin, whenever favour- 
able conditions present themselves; and recently the nomination of 
a Central Government Commission charged with reviewing and 
defining contracts relating to the production and consumption of gas 
for lighting purposes, both as regards the technical requirements 
of the gas and its price. 

But the work of control, in the matter of fuel, is especially entrusted 
to the National Association for the Control of Combustion, resulting 
from the fusion and co-ordination of the old associations among the 
boiler users. To this association is entrusted the supervision of 
the industrial thermal plants, and the control of their efficiency 
and regularity. 

The association can oblige the users to make renewals and to 
substitute for old plants, modern ones; it institutes examinations 
for the selection of the expert staff necessary for the development of 
its activity, and competitive examinations for solving special 
problems relating to the economy of fuel, as, recently, a trial on a 
motor-road of motor-cars fitted with gas-generators. The work 
of the National Association for the Control of Combustion is closely 
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related with that of the Fuel Section and of the Thermotechnical 
School of the Polytechnic for Milan. 

Thus, by means of this manifold but well co-ordinated work of 
research, of education and of economy, this country hopes to 
moderate, if not to solve, the difficult problems of heating, and, 
furthermore, to contribute in experience and study to the work 
already achieved by other civilised countries, in this very important 
field of human activity. 


r1i:sum£ 

L'un des problemes les plus difficiles qui se posent k I’ltalie tant en maticres 
^conomiques que politiques est peut-etre bien celui des combustibles. Les 
ressources naturellcs pauvres de Tltalic en min6raux et plus particulierernent 
en combustibles solides et liquides ne peuvent satisfaire aux besoms de 
rindustric; ainsi, en 1926, I’lmportation du charbon s'elevait a 14 000.000 de 
tonnes et celle de I'huile k 1.000.000 de tonnes. Malgr6 I'utiiisation beaucoup 
plus intense des forces hydrauliques considerables de I’ltalie, ces chiffres 
depassent sensiblemcnt ceux d'avant-guerre. 

Dans ces conditions il est Evident quo le travail a accomplir par les 
echnicicns italicns avec le concours du gouvernement et des industnels est en 
premier lieu un travail de recherches scientiliquesetd’dducationprofessioniielle, 
afin d'obtenir I'utilisation la plus parfaitc des combustibles indigenes et 
importds. Les auteurs donneiit un aper 9 u des divers travaux cntrepris dans 
ce but par les institutions comp6tentes et tout spdcialement par I’Ecole 
poly technique de Milan. 
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Introduction 

Coal is a conglomerate rock of vegetable origin. Animal remains 
have played an inappreciable and wholly incidental part m the 
formation of coal. Coal contains inorganic material, but this can 
be regarded as accidental impurity, even that small amount of so- 
called “inherent' mineral matter which is derived from the 
original mineral constituents of the plants from which the coal was 
formed ; for there is no evidence that these constituents have played 
ail}' part in the processes of coal-formation, however important 
their function may have been during the life of the plants. 

The purely organic material, coal, is composed of carbon, oxygen, 
hydrogen, nitrogen, and sulphur, with traces only of other elements, 
such as phosphorus and arsenic (which may or may not be part 
of the coal-substance proper) No coal is of a precise, homo- 
geneous composition. Variations in the proportions of the con- 
stituent elements, and in their modes of combination, account for 
the many varieties of coals. 

In order that the different varieties of coals may be utilised 
most efficiently it is necessary to know, for each variety, not 
merely the proportions of the constituent elements, but their mode 
of combination, so that the true composition of the conglomerate 
can be gauged. Such knowledge has been hard to attain, and has 
but recently been forthcoming. In the past, therefore, in default 
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of such knowledge, the utility of different coals has been judged 
mainly by some specific, measurable quality that they possess, 
such, for example, as their calorific value or their contents of 
"volatile matter." No doubt the close dependence of such qualities 
on some fundamental property enables them to be used with some 
success to assess the value of a coal. For accurate classification, 
however, more reliance is placed on knowledge of the elementary 
composition of the coal, despite the fact that knowledge solely of 
the proportions in which the elements arc present can give no clue 
to their mode of combination. 

As examples of the value of knowledge of the ultimate analyses 
of coals, it has been found (Seyler^) that their general properties 
are dependent mainly on their carbon-contents, whilst, for a given 
carbon-content, the hydrogen-content determines other properties, 
such as the yield of "volatile matter" on heating. Coals with 
similar properties are not found at haphazard amongst a number 
having widely different compositions, but are grouped together 
by reason of similar ultimate analyses. Nevertheless, the correla- 
tion of the ultimate compositions of coals, from all sources, with 
their properties is far from complete, and, as far as it goes, is not 
as precise as could be desired. Reasons for this appear when the 
constitution of coal is studied more closely. 

Coal 

The term coal is conveniently restricted in normal British usage 
to the black varieties of technical importance. Elsewhere, the 
term may be, and is, extended to include such fuels as lignites 
and brown coals, when the deposits are of such an extent and 
nature as to be of value commercially. Carbonaceous materials, 
such as peats at the one end of the scale of carbon-contents, 
and graphites at the other, are not usually referred to as "coals." 
Nevertheless, by reason of the close relationship that exists be- 
tween them, it is desirable to consider them in any discussion of 
the constitution of coal. The relationship between successive 
members of the series peats, brown coals, lignites, bituminous 
coals, anthracites and (perhaps) graphites has long been recog- 
nised. Each is derived from purely vegetable accumulations. 
Each covers a closely graded range of materials, and there is no 
sharp line of demarcation as between one member and the next. 

From Peat to Anthracite 

There has thus naturally arisen a belief that the "coal" fuels 
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form a continuous series in which the individual members differ 
one from another, not because of differences in the materials from 
which they were originally formed, nor even because of differ- 
ences in their mode of formation, but because they represent 
successive stages in a slow process of “coalification.” This "peat- 
to-anthracite” theory, or modifications of it, is now widely held, 
though it has been hotly debated in the past. 

Microscopical Evidence. Evidence in support of the peat-to- 
anthracite theory is to be found in the readily demonstrable 
similarity of type amongst the materials from which the fuels 
were formed. Aside from such preferential accumulations of 
certain types of plant structures as characterise a few special 
coals, similarity in the structures and in their distribution has 
been demonstrated, for example, by Thiessen^ as between the 
peats, brown coals, and bituminous coals of North America; and 
by Seylei"* as between the bituminous coals and anthracites of 
Great Britain. The persistence, changed little by decay, of the 
same types of resistant plant tissues, such as spore exines and 
cuticles, is a feature common to all members of the series. Resins 
also, though not so resistant, have been shown (by David White*, 
for example) to persist in almost their original physical forms 
throughout the series up to, at least, the semi -anthracite coals. 

Chemical Evidence. There is a similarity in the chemical nature 
of the materials of which each fuel is compounded. The notice- 
able differences in properties between successive members of the 
series can be related, chemically, to minor changes in the external 
grouijings of the compounds present. The internal structures of 
the molecules, whether the compounds are contained in a peat or 
an anthracite, appear to be much the same. 

Analytical Evidence. Perhaps the most striking evidence of the 
continuity of the “coal” series is to be found in analytical data, 
such as have been adduced by Seyler®, Ralston'’, Drakeley^, and, 
more recently by Hickling,® in a noteworthy paper to which de- 
tailed reference must be made. 

In conformity with the practice of the earlier investigators, 
Hickling has plotted, on rectangular co-ordinates, the elementary 
compositions of a large number of coals, and has shown that they 
occupy a narrow and continuous band over the whole range. The 
proportions of nitrogen and of sulphur appear to be constant 
throughout the range, varying but little from 1.5 and 1.0 per cent, 
respectively. The proportion of hydrogen in the coals (excluding 
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the cannels and the anthracites of highest carbon-contents) varies 
between 4.5 and 5.5 per cent., that is to say, by only 10 per cent.; 
on the mean value 5.0 per cent. The main variation in composition 
falls, therefore, on the carbon and the oxygen, and the variations 
in these two elements are nearly complementary. The carbon 
varies between 50 per cent, in the peats and 95 per cent, in the 
anthracites. Of this total variation of 45 per cent., 17 per cent, 
covers the groups of bituminous coals and anthracites. 

The approximate constancy of the proportions of nitrogen, 
sulphur, and hydrogen is expressed by the narrowness of the band 
when the carbon-contents are plotted against the oxygen-contents 
of the coals. That the band should be narrow during the early 
(low-carbon) stages is an indication that the hydrogen-content of 
the original coal-forming materials did not vary much from a 
mean value. That the band should remain narrow up to the 
high-carbon end of the range is evidence that similar changes 
have operated in the formation of all the coals, for any marked 
variation in the character of the coalification would have resulted 
in products of markedly different hydrogen-content for a given 
carbon-content. 

Thus, at any period during the coalification process, the changes 
appear to be of definite and unvarying character, dependent on the 
nature of the material, and not on the immediate conditions to 
which it is subjected. No doubt the immediate conditions would 
affect the rapidity of the changes. 

A consideration of the distribution curve of coal analyses leads 
to a further suggestion. The curve, with carbon and ox 3 'gcn 
percentages as axes, is at the outset nearly straight. 

This suggests the gradual progress of but one kind of change. 
Assuming that the only kind of change, affecting ultimate compo- 
sition, that can take place during progressive coalification is one 
involving loss of material, Hickling shows that the straight part 
of the distribution curve conforms with a gradual loss of carbon 
dioxide and water. The first straight portion of the curve ends at 
abodt 83 per cent, carbon, giving place gradually to a second 
straight portion over the range 89 to 95 per cent, carbon. This 
range covers but a slight loss of oxygen, with a proportionately 
higher loss- of hydrogen, perhaps as methane. There appears to 
be a scarcity of coals of about 86 per cent, carbon-content {i.e., 
at the juncture of the two straight portions of the distribution 
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curve), otherwise the distribution over the whole range is remark- 
ably uniform. 

The Formation of Coal 

The validity of the pcat-to-aiithracite theory is not universally 
admitted. It is maintained, for example, by some geologists that 
the process by which any given coal has been formed has not 
necessarily been slow and gradual. If this is so, it follows that 
each class, or each individual, in the senes has been the outcome 
of individual coal-forming conditions. For example, Strahan and 
Pollard*’ have suggested tliat the partial anthraciti.sation of the 
South Wales coalfield is due to differences in the nature of the 
deposited plant materials, a suggestion which has little to support 
it. Donath’" has long maintained the view that for the formation 
of a bituminous coal a high temperature, involving partial dis- 
tillation, is essential. A more moderate view, for which 
Krdmann^^ has made out a plausible (but by no means flawless) 
case, IS that, whilst brown coals have resulted from coalification 
at normal temperatures, a temperature of at least 3U0^^C. is 
required for the formation of a bituminous coal. Both these 
suggestions fail to account for the regular distribution of coals 
over the wide range of carbon-contents. It seems probable that, 
whilst a moderate increase of temperature can be regarded as 
one factor in the process of coalification, it would influence rather 
the rapidity of the process than its end-point. 

A new theory of coal-formation, definitely opposed to the peat- 
to-anlliracite theory, has recently been put forward by McKenzie 
Taylor^-, based on the following novel observations. Beneath an 
impervious alkaline layer, such as is formed by the hydrolysis of 
sodium alumi no-silica soils, resulting from base-exchange, bac- 
terial decomposition of vegetable debris proceeds rapidly and to 
completion, mainly with the elimination of oxygen. This is due 
chiefly to the maintenance of mildly alkaline conditions, the acid 
products first formed, which would otherwise bring the decom- 
position to a premature close, being continuously neutralised. 

Whilst most peats are formed under aerobic conditions, the 
accumulation of acid products limiting the extent of the decay, 
examination of the roofs of bituminous coal and anthracite seams 
shows that they have, in general, an alkaline reaction, and that 
the coals have been formed under alkaline anaerobic conditions. 
This differentiates them from the lignites and brown coals, for an 
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examination of the roof of their seams shows that they have not 
been formed under anaerobic conditions and that they may have 
undergone incomplete bacterial decomposition and partial oxida- 
tion. 

McKenzie Taylor’s view of coal formation, therefore, is that 
the vegetable material has first undergone a peat-like decay, 
under aerobic, acidic conditions. The duration of the extent 
of this '"peatification” determines the nature of the product. 
If the decay is checked, as under a normal acidic or 
neutral cover, the peat deposit may ultimately form a 
lignite, but it can never become a bituminous coal. On the other 
hand, if the material in its particular state of arrested peat-decay 
is maintained under alkaline, anaerobic conditions, e.g., under a 
cover of alkaline soils, a secondary decomposition will ensue. 
This, the “coalification” process proper, is rapidly carried to 
completion, the end-product being a coal the nature of which 
depends not at all on the geological conditions, nor on time, tem- 
perature and pressure, but solely on the degree of “peatification” 
before “coalihcation” began, each class of coal, sub-bituminous, 
bituminous or anthracitic, being a definite end-product. 

This view, whilst differing fundamentally from the peat-to- 
anthracitc theory, where each coal is regarded as an intermediate 
product leading progressively to the anthracites of high carbon- 
content, yet accepts and attempts to explain the gradual transition 
in composition observable throughout the range. It is early to 
judge as to the ability of McKenzie Taylor’s theory to explain 
the apparently restricted and uniform distribution of coal com- 
positions, for more data are required, but of the importance of 
the theory there should be no question. The discovery of the part 
played by a cover of alkaline soil in determining the extent of 
bacterial decay of vegetable debris provides a solution to the 
hitherto puzzling differences observed in the degree of preserva- 
tion of particular plant entities, both in peat and in coal. The 
pronouncement that bituminous coals have of necessity been 
forijied under an alkaline cover demands close consideration. 

To sum up, whatever may be the agencies which have advanced 
or limited the degree of “coalification,'* there can be no doubt but 
that the different members of the series, peat to anthracite, re- 
present the effects of increasingly prolonged or increasingly 
severe conditions on materials generally similar. 
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The Coal-Forming Materials 

The nature of the changes that have taken place during coal 
formation can be followed roughly from the changes in composi- 
tion of the coal-forming materials. Thus, as Hickling has pointed 
out, the transition from the original materials to lignites has 
involved a proportionate loss of hydrogen, probably as methane; 
the bituminous coals differ from the lignites as their carbon- 
content increases in that they have suffered an increasingly 
greater loss of carbon dioxide and water; whilst to form the 
anthracites, elimination of hydrogen, perhaps as methane, has 
again occurred. More precisely, the nature of the changes can 
be deduced from a study of the behaviour of different plant 
entities under the coal-forming agencies. 

The original plant materials, though botanically of widely varied 
source and form, were, from a chemical standpoint, not so 
diverse. For all varieties of plants are built up of materials of but 
few general types. The physical forms and the relative propor- 
tions of the few types may vary widely, but the chemical nature 
of each remains substantially the same. 

Wide differences in the relative proportions of the main types 
of original plant materials might be expected to result in coals 
having different properties. Different properties of the coals 
might also be expected should there have been differences in the 
agencies at work, either during deposition or during decay, tend- 
ing to eliminate some of the original types of plant materials and 
thus to give prominence to others. In each coal, in fact, there must 
be present, in varied proportions, compounds, each of its own 
particular composition, derived from each type of plant material. 
The elementary composition of the conglomerate must thus de- 
pend in a complicated manner on the proportions and individual 
compositions of each contributant. At first sight, therefore, know- 
ledge of the elementary composition of a coal would not seem to 
offer much guide to its true nature. When, however, we study 
in detail the contribution to "'coal” made by each type of plant 
materials, it becomes evident that their original complexity has 
not survived. It is found that there are in bituminous coals but 
three or four groups of compounds of markedly different 
character, namely, resins and hydrocarbons (waxes), the protec- 
tive tissues of the plants that have resisted decay, and a readily 
oxidisable material that forms the bulk of the coal. This 
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simplification of the plant materials is already evident in peat, and 
thus presumably takes place during the early stages of decay. 

Resins and Waxes. These normally form but a small part of the 
original plant material. Nevertheless, because of their resistance 
to bacterial decay and chemical change, they may bulk compara- 
tively largely in the coal-forming material as other parts of it 
disappear through complete decay. 

Frolcctive I'issues. The waterproof protective coverings of 
plants, such as spore exines and the cuticles of stems and leaves, 
contain fatty substances which render them remarkably resistant 
to the processes of decay. These tissues, therefore, tend to 
accumulate in the coal-forming mass. 

Cellulose and Lignin. These compose the cellular framework 
of the plants and originally form their greatest bulk During 
bacterial decay, much of the cellulose disappears. The remainder 
of the cellulose, and most of the lignin, together with the carbo- 
hydrates and proteins of the cell-contents, ultimately form com- 
plex brown products, soluble in alkali, which can conveniently be 
classed under the term “ulmin compounds." Each of the different 
cell-forming materials appears to be capable independently, under 
suitable conditions, of forming “ulmin compounds"; whilst such 
compounds are readily formed by interaction between carbo- 
hydrates and nitnjgenous compounds derived from the proteins. 
Although the ulmin compounds can be derived from such different 
materials, the separation of them into groups having markedly 
different characteristics has not been found possible, and it would 
seem that the process of "ulmification" reduces all the materials 
that form the plani cells to a common level. Since these materials 
form the bulk of the plants, the resultant ulmin compounds, 
despite wastage during decay, con.stitute the bulk of the decayed 
mass from which the coal is ultimately formed. 

The Chemistry of Bituminous Coal 

Soluble Constituents By the extraction of a bituminous coal 
with suitable organic solvents, it is possible to dissolve parts of it. 
The^ extracts so obtained include hydrocarbons and materials 
resembling natural resins in composition and properties. 

The hydrocarbons consist of complex saturated (paraffin and 
naphthene) and unsaturated liquid hydrocarbons, with smaller 
quantities of solid paraffins and higher aromatic hydrocarbons. 
Their amount varies between about 0.5 and 3 per cent, of the coal. 
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So far no relationship has been found between their quantity or 
composition, and the composition of the coal from which they are 
obtained. They are mainly derived, presumably, from the fatty 
oils and waxes of the original plants, whilst the smaller amounts 
of free hydrocarbons associated with the plant cuticles are no 
doubt included. None of the fatty oils and waxes has survived 
as such in bituminous coals, but waxes are often prominent in 
brown coals. 

The resins extractable by solvents are similar in character to 
resin inclusions which can sometimes be separated from bitu- 
minous coals by hand. They are often less changed, as compared 
with ijrcsent-day resins, than are some fossil resins. Their 
amount varies normally between 0.5 and 3 per cent, of the coal, 
but occasionally considerably more may be present. 

Both hydrocarbons and resins, after separation from bituminous 
coal, distil almost unchanged on healing It is also possible, by 
carefully regulated heating, to separate both these classes of 
compounds direct from bituminous coal by distillation alone. 

Resistant Plant Tissues. Organic solve its leave untouched the 
spore exincs and cuticles which abound in the majority of bitu- 
minous coals and form the most prominent objects to be seen 
under the microscope. Their presence is most readily shown, and 
their amount estimated, by careful oxidation of the coal as a 
whole, whereby the main bulk of it becomes soluble in alkaline 
solutions. The insoluble residue consists largely of spore exines 
and cuticles, with some resistant woody cell structures. The 
amount of this residue varies considerably, a bright coal (e.g., 
a vitrain) perhaps yielding none, and a dull coal (a durain) as 
much as 20 per cent, by weight. 

The spore exines and cuticles so separated from bituminous 
coal differ but little from the corresponding plant structures of 
to-day. Both spore exines and cuticles from coal arc characterised 
by extreme resistance to decay and oxidation, and by the high 
proportion of tar which they yield on destructive distillation. 

Ulmin Compounds. The bulk of the, normally, insoluble portions 
of bituminous coals can be so changed by carefully regulated 
oxidation as to become completely soluble in alkaline solutions. 
The materials recovered from the alkaline solutions are dark 
brown colloids, similar in many respects to the peat ulmins, but 
differing from them in that their carbon-contents arc higher, and 
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they are more definitely acidic. They are oxidation products of 
the coal ulmins, analogues of the peat ulmins. 

The chlorination of bituminous coal also yields compounds which 
can be related to similar chlorination compounds obtained from 
the peat ulmins. In fact, throughout the series, peat, brown coals, 
lignites and bituminous coals of increasing carbon-contents, 
chlorination yields, though with increasing difficulty, a graduation 
of compounds of similar characteristics. A study of the products 
of destructive distillation of each of the members of this series 
also reveals progressive differences in the character of the ulmin 
compounds that they contain. 

This progressive relationship between the ulmin compounds in 
the different fuels, of which they usually form the major part, 
points to a progressive elimination of external groupings during 
coalificalion as the carbon-content of the fuel increases, such, for 
example, as would account for the progressive loss of carbon 
dioxide and water estimated from ultimate analyses by Hickling. 
As the carbon-content of the fuel increases, the ulmin compounds 
it contains become progressively more resistant to attack, whether 
by heat or by reagents. The increasing resistance to oxidation in 
particular affords a convenient measure of the degree of coalifica- 
tion of the ulmins. Such a measure is required when attempting 
a 'Tational" analysis of coal, for a complete specification of the 
quality of a coal must give expression to the degree of coalifica- 
tion of the ulmins as well as record their proportions and the 
proportions of hydrocarbons, resins, and resistant plant entities 
that the coal contains. 

Banded Bituminous Coal 

Whilst the effect of an increasing degree of coalification of the 
ulmins becomes apparent when comparing a number of coals of 
increasing carbon-contents, the extent to which differences in the 
relative amounts of the several ingredients of the conglomerate 
can effect the composition of a coal is well exemplified by a study 
of the macroscopic components, vitrain, clarain, durain, and fusain, 
of any given banded bituminous coal. The vitrain of a banded 
bituminous coal consists essentially of ulmin materials derived 
from the cellular structures of the jilants. The durain is formed 
from mixed plant debris rich in resistant protective tissues, with 
a ground mass of ulmins similar, chemically, to those of the 
vitrain. The clarain is intermediate in character between the 
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vitrain and the durain ; whilst the f usain represents cell structures 
which have resisted bacterial decay, probably owing to early aerial 
decay, and now appear as opaque carbonised fibres. The chemical 
differences between these components of a banded bituminous 
coal have been shown to be caused solely by differences in the 
proportions in which the several ingredients are mixed together 
in each, the ulmin compounds being of the same composition and 
character throughout the whole coal. 

Thk Classification of Coals 

To express the composition and quality of a coal fully it is 
necessary to specify the proportions of (1) hydrocarbons, (2) 
resins, (3) resistant plant entities, and (4) ulmin compounds that 
it contains, and to indicate the degree of coalification of the ulmin 
compounds. Analytical methods have been devised for obtaining 
this information. 

Rational analyses of coals on these lines should lead ultimately 
to an ideal scientific classification of coals. The technical use of 
such a classification must then await experience of its application 
to coals of known characteristics, the various properties of the 
coals being correlated with their rational analyses. Such a 
correlation should be far simpler and more complete than is now 
possible between the properties of coals, and, for example, their 
ultimate or proximate analyses. For it is reasonable to assume 
that, in general, the properties of a coal will be the sum of the 
properties of its ingredients. From our present knowledge we 
can relate, broadl)', certain properties of coal with the properties 
and proportions of one or other of their main ingredients. We 
can, for example, relate their yields of tar on distillation at a given 
temperature, with their contents of hydrocarbons, resins and 
plant entities, and the character of the tar with the relative 
proportions of each. The reactivity of a coal towards reagents, 
such as oxygen, depends mainly on the degree of coalification of 
the ulmin compounds. The caking-power appears to be dependent 
to a certain extent upon the nature and amount of each of the 
ingredients and on their reactions one with another during de- 
structive distillation, but there ^is evidence that the quantity of 
hydrocarbons and resins and the quality of the ulmin compounds 
{i.e., their degree of coalification) are of prime importance. 

It is not likely that, for technical use, a classification based on 
rational analyses will displace those founded on, say, ultimate 


209 



THE COAL INDUSTRY 


analyses, though it may simplify and modify them. Experience 
has shown that the general properties of coals vary roughly with 
their ultimate compositions, so that it is possible to define 
"iso-vols” and “iso-cals,'’ for example, in terms of carbon- and 
hydrogen-contents. The reason for this is, no doubt, that elemen- 
tary composition follows rational composition quite closely, since 
the latter is expressed mainly by the proportions of the minor 
ingredients, and by the degree of coalification of the major in- 
gredient, the ulmins. The degree of coalification of its ulmins 
greatly affects the elementary composition of a coal, in fact the 
carbon-content of a coal gives a rough measure of the degree of 
coalification of the ulmins it contains. On the other hand, varia- 
tions in the amounts of the minor ingredients, which do not differ 
in elementary composition to a disproportionate degree from the 
rest of the coal, rarely affect more than slightly the ultimate 
analysis of the coal as a whole. For coals of the same type, there- 
fore, a classification based on ultimate analyses has some theo- 
retical justification. For coals of varied types, however, it demands 
considerable judgment in its use. 

The grouping of coals according to their rational analyses has 
been successfully made with several chosen series, ranging from 
lignites to anthracites, and further data are being accumulated. 
The methods of rational analysis of coal, a description of which 
is given elsewhere, are but little, if any, more complicated than the 
usual methods. As experience is gained in their use, they will, no 
doubt, become routine tests to be employed either in substitution 
for, or to supplement, the usual proximate and ultimate analyses, 
when an unknown coal is being studied. 
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RESUME 

La houille est une roche conglomeree d’origuie purement vegetale Elle 
sc compose principalement d'elcmenls organiques, savoir de carbone, 
d'hydrogene, et d’oxygene, ainsi que de teneurs laibles et presque constantes 
en azote et en soufre La houille vane beaucoiip scion Ic caractere et la 
quantite de.s substances dont se compose le conglomcrat; cependant il doit 
etre possible d’etablir un rapport entre les proprietes d'uiie houille et son 
analyse si cette dcrnierc est doiinee En attendant, le classement des houilles 
a 6t6 bas6 sur des proprietes tcllcs que la teneur en inaLieres volatiles, le 
pouvoir calorihque et, plus rcccminent, la composition elementaire Ccs 
proprietes, surtout la composition 6Rmentaire, fourmssent des indications 
pr6cieuses sur l’utilit6 d’une houille aux dilI6rents modes d'emploi 

Plus on s'avance, dans la rangee des combu.stibles mineraux, de la tourbe vers 
I’anthracite, plus la teneur en carbone augmente et plus cclle en oxygeiie 
diminue. En portant les teneurs en carbone et les teneurs en hydrogene en 
coord in4es rectilignes, les compositions des combustibles se troiivcnt dans une 
zone tr6s 6troite et continue qui n’accuse auciine lacune sen.sible. La con- 
tmuite dc la sene, misc en Evidence aus.si bien par les limitcs ^troites de cettc 
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zone et par la distribution uniforme des compositions sur toute sa longueur 
que par le fait connu du passage graduel des combustibles min4raux d'une 
cat^gone h. Tautre, a donn^ appui k la throne de la formation de la houille 
dite la throne "de la tourbe ^ 1' anthracite." D'apr^s cette th^orie il y a une 
alteration continue et incessante dc la mati^re houillifiee. Une etude, 
recemment effectude sur I'lnfluence exercde par le caractere du dep6t sedi- 
mentaire de recouvrement sur la vitesse et rdtcndue de la decomposition 
bactdriennc du ddpot vegetal, a donnd k penser qu'il sera necdssaire de 
renouveler la question, dejk discutde, de I'admissibilite de cette thdorie. 

Le fait que la zone reprdsentant graphiquement Ics compositions de com- 
bustibles accuse des limitcs dtroites, esl du, en premier lieu, k ce que le caract 're 
chimique du gisement ongincl du conglomdrat vegetal est sensiblemcnt 
uniforme et, dcuxiemement, el runiformite des alterations qui ont lieu aprds 
le depot de la matiere. La premidre transformation est Tulmification des 
parois et du contcnii des cellules. Les produits finals de cette transformation 
de la matiere premidre sont les ulmines, substances de types trds varids, qui 
constituent une categoric pas (encore) nettement divisible en groupes. Cette 
ulmification peut etre presque complete. Les resines, les cires, et les tissus 
protecteurs de caractere gras r6sistent ^ cette transformation. Plus tard 
la matiere subit la houillification ce qui comporte pnncipalement une perte, 
de la mati're ulniique, d’anhydndc carboiiique et d’eau I.es autres sub- 
stances ne subissent presque pas d'alt6ration, mcme dans les houillcs les plus 
fortes en teneur dc carbone. 

Etude chtmique de la homlle bitumineuse Quaiid on soumet la houille au 
traitement par les solvants organiques, on obtient des hydrocarbures 
(provenant principalement de circs) et des r^sines Moyennant une distillation 
trds soignee il est possible dc separer. de la houille, des substances semblables. 
L'oxydation lente du rcsidu insoluble le rend en grande partie soluble en 
milieu alcalin. La partie insoluble consiste cssenticllement en enveloppes 
de spores et en cuticules. Ces dernieres nc different guere des enveloppes de 
spores et des cuticules actuelles. On retrouve aussi du tissu ligneux non 
alt6r6. La matiere soluble cn milieu alcalin a toujours le meme caractere, 
quelle que soit la houille dont elle provient. Cette substance, qui est une 
ulmine oxyd6c de la houille, accuse une parents 6troitc avec les ulmines de 
la tourbe. Ces faits, ain.si que ceux qui ont 6t6 mis en Evidence par I’etude 
des produits de distillation de la houille et de Taction exerede par les rdactifs 
sur les diverses sortes de liouilles, montrent que la fraction importantc d'une 
houille normale consiste en matiere ulmique apparentde aux ulmines de tourbe. 

Ce constituant ulmique de la houille n'est pas de composition ou de propndtds 
constantes. Au fur et k mesure que la teneur en carbone augmente, la 
rdactivitd gdndrale. comme, par cxemple, la tendance de s'oxyder, diminue. 
La composition et les propridtds de cette matiere ulmique, dont se compose 
la masse principale de la houille, determine, pas tout a fait mais presque, la 
composition, et, k un moindre degrd, les propndtes de la houille. Les pro- 
pndtds des matieres extractives et des tissus resistants dont la composition ne 
vane pas ont une influence beaucoup moms importante sur la composition 
de la houille. Leur influence sur le caractere de la houille est plus marqude 
et se montre plus nettement dans les constituants macroscopiques de la 
houille, k savoir, dans le vitrain, le clarain, le durain, et le fusain. 
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Pour pr^iser exactement la composition et la quality d’une houille il faut 
pr^ciser les proportions (I) des hydrocarbures, (2) des r6sines, (3) dcs 616ments 
de tissus vdg6taux non alt^r^s qui sont m£lang4s aux substances ulmiques, 
et indiquer le degr6 de la houillification des substances ulmiques. 

On a imagin6 des m^thodes analytiques pour fournir ces renseignements. 
Un classement scientifique des houilles, 6tabli sur ces principes, serait id^al 
et m6nerait d, une correlation complete entre les propnetes et la composition 
des houilles. £n attendant, la composition 616mentaire est de nature & 
fournir des indications precieuses et commodes sur les proprietes des houilles, 
pourvu qu’on I'emploie prudemment et qu'on ne I’applique qu’aux houilles 
de structure analogue. 


11 
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Par suite de leur situation gcographique, les Pays-Bas peuvent 
facilenient obtenir des combustibles des deux grands centres houillers 
en Angleterre ct cn Alleniagne, et en outre une grande partie du 
charbon necessaire est produite dans le pays menie, savoir dans les 
mines du Limbourg. 

La Production 

La production de ces charbonnages a augmente considerablemcnt 
au cours des dernieres annees. On peut s'en rendre coinpte a 
I'aide de la statistique des mines qui indique qu’en 1926 la quantite 
de liouille extraite s’elevait a 8.509.501 tonnes, tandis qu’en 1925 
elle n’etait que de 6.848.567 tonnes, cc qui constitue une augmenta- 
tion de 24% en une seule annee. 

La quantite totale produite en 1926 peut etre repartie coimne suit: 
13,6% de houille ayant une teneur en gaz de moins de 10%, 
33,5% de houille ayant une teneur en gaz de 10 a 15yo; 

4,0 y, de houille ayant une teneur en gaz de 15 a 2Q%\ 

48,9 yo de houille ayant une teneur en gaz de plus de 20 '/q. 
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Ce tableau montre que, d’une part, on extrait surtout du charbon 
ayant une teneur en gaz de moins de 15% et qui, sous le nom d’ an- 
thracite, est employe pour le chauffage des maisons; d’ autre part, 
on produit de la houille riche en gaz, qui constitue la matierc premiere 
pour la fabrication du coke, qui est connu pour sa bonne quality 
et qui est mtoe exporte a I’etranger. 

L' Importation 

L’importation de I’etrangcr comporte, outre les incmes sortes de 
houille que celles produites dans le pays rneme, surtout le charbon 
riche en gaz employe dans les usines a gaz et venant surtf}ut d'Angle- 
terre, et de la houille allemande pour I'alimcntation des chaudieres 
a vapeur. On importe egalement une quantite pas tres grande de 
combustibles de Belgique. L’importation totale de houille, de 
coke et de briquettes de houille et de lignite se repartit, pour I’annee 
1927, comnie suit: 

Allemagne ... ... ... ... ... 75,5% 

Angle terre .. ... 19,8% 

Belgique 4,7 % 

Ba Consommation 

Quant a la consommation de combustibles aux Pays-Bas, clle est 
donnee par la somme du soldo d'importation et de la propre produc- 
tion. On obtient ainsi les chiffres suivants: 

Soldo d’importation 3.115.722 tonnes (27%) 

Propre production 8.509.501 tonnes (73%) 

Total... 11.625.223 tonnes (100%) 

La consommation augmente continuellement depuis 1920, mais 
le dcveloppement de la production est encore plus fort, surtout 
grace aux Mines de I’Etat. Aussi le soldo d’importation baisse-t-il 
toujours. 

Le coke est produit aux Pays-Bas par les fours a coke des Mines 
dc I’Etat et par les installations a Sluiskil et a Maastricht, ainsi que 
par I’Entreprise Neerlandaise des Hauts-Fourneaux et Acieries k 
Ijmuiden; si Ton y ajoute le coke des usines a gaz, on obtient un 
total de 1.794.164 tonnes. II existe done, entre le coke employe, 
le solde d'exportation et la production, la relation suivante: 
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Production 
Solde d’ exportation 


1.794.164 tonnes (161%) 
678.462 tonnes (61%) 

Quantite consommce 1.115.702 tonnes (100%) 

En 1926, la consommation de houille (y compris les briquettes) 
et dc coke s'elevait done a 11.625.223 + 1.115.702 = 12.740.925 
tonnes, dont 81 % etaient produits dans le pays m^me. 

La quantite totale employee pent ^tre repartie sur les groupes 
suivants: 


1. 

Industrie (y compris la navigation in- 

tonnes 


tericure, la pechc du poisson, etc.) 

6.004.084 

2. 

Chauffage des habitations 

2.400.000 

3. 

Centrales tUectriques 

1 .350.000 

4. 

U sines a gaz 

1.191.110 

5. 

Navigation maritime Neerlandaise 

936.631 

6. 

Chemins de fer et tramways 

859.100 



12.740.925 


Dans ce tableau, les postes 2 a 6 ont tous augmentc par rapport 
a I'annee 1925. Le poste No. 1 a ete determine comme difference 
de la consommation totale et de I’ensemble des postes 2 a 6, il a 
diminue par rapport a I’annee 1925. 

Le Chauffage Des Maisons 

II est impossible de determiner avec securite de quelle maniere 
la consommation des diffcTents groupes varicra dans les prochaines 
annees. Pourtant, pour quelqucs-uns, on pent prevoir s'il faudra 
s’attendre a une augmentation ou a unc diminution. Ainsi, pour 
le chauffage des maisons, on pent s’attendre a une augmentation, 
d’une part a cause de I'accroissement de la population, qui est d’en- 
viron 100.000 habitants par an, et d’ autre part par suite d'un 
chauffage plus intense; cette perspective est importantc au point 
de vuc des debouches pour le coke et le charbon a faible teneur en 
gaz. Ce dernier combustible est employe de plus en plus a cote 
du„coke, tant pour les poeles que pour les chaudieres de chauffage 
central. 

Les Centrales £lectriques. Etc. 

Le groupe des centrales electriques demandera aussi unc plus grande 
quantite de combustibles, non seulement k cause d’une consomma- 
tion grandissante d'energie electrique de la part de I'industrie et 
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des personnes privees, mais aussi par suite de I’^lectrification des 
lignes de chemins de fer et de tramways. Par consequent ce dernier 
groupe, comprenant les chemins de fer et les tramways, emploiera 
a I’avenir une quantite moindre de combustibles. L’emploi crois- 
sant du gaz pour le menage et I’industrie causera probablement 
aussi une augmentation de la consommation de combustibles pour 
le groupe des u sines d gaz. D’ autre part, ce de veloppemen t sera 
retarde par les efforts que Ton fait pour distribuer directement, dans 
les communes environn antes, le gaz produit dans les fours a coke 
des Mines de I’Etat, et de I’Entreprise Neerlandaise des Hauts- 
Fourneaux et Acieries k Ijmuiden. Ce gaz est deja distribue 
actuellemcnt dans un certain nombre de communes a raison 
d'environ 6,5 millions de metres cubes par an, et des negociations 
deja asscz avancees ont ete entreprises avec d'autres communes 
pour distribuer encore 18,5 millions de metres cubes par an. 

La Navigation Maritime 

Le cinquieme groupe, concernant la navigation maritime, a montre, 
abstraction faite d’une petite diminution en 1923, un developpe- 
ment regulier de la consommation, auquel on pourra s’attendre 
egalement a I'avenir, etant donne que la navigation se developpe 
considerablement aux Pays-Bas. II est vrai qu’au coiirs dc ces 
demieres annees, les grandes compagnies de navigation sc sont 
occupces specialernent de 1' economic des combustibles, afin d’en 
diminuer la consommation, de sorte que ces efforts se feront cer- 
tainement ressentir. 

L Industrie 

puant au premier groupe, Vindustric, il est difficile de dire beaucoup 
a ce sujet. D’une part I’industrie se developpe de plus en plus, ce 
qui pourrait faire prevoir une augmentation de la consommation 
de combustibles; mais, d’ autre part, cettc influence est contre- 
balancce par la tendance d'acheter la force motrice sous forme 
d’eiicrgic electrique et de mieux controler le rendement du charbon 
consomme. 

En outre, I’emploi des combustibles sera limite non seulement par 
le controle du rendement des installations, mais aussi par I’examen 
de leur qualite. Ce dernier point se manifeste par la tendance 
croissante a acheter les combustibles suivant leur analyse chimique. 
Celle-ci se fait de plusieurs manieres tres diff^rentes. 

Pour le service des chaudieres k vapeur, on prend souvent la somme 
de la teneur en humidity et en cendres comme index, et le prix 
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d'un certain combustible est augmente ou diminue, smvant que 
cette somme est infericurc ou superieure a la valeur consideree comme 
normale pour ce genre de combustible. 

D’autres fabriques font varier Ic prix suivant la tcneur en humidite 
et celle en cendres indcpendamment. En outre, a la place dc ces 
deux donnees, on peut aussi se baser sur la valeur calonfique. 

A cote dc ce mode rationnel de determiner le prix en fonction 
de la qualite, il arrive aussi que Ton se borne a une reduction de 
prix en cas de qualitt' inferieure; suivant ce dernier systemc, il n’y 
a pas d’ augmentation de jirix en cas de meilleurc qualitc, ce qui 
n’est evidemment pas juste en principe. 

Pour donner une idee de la inesure dans laquellc on fait des achats 
suivant dcs analyses chiniiques, notons qu’environ 52‘’/o des com- 
bustibles employes par les 19 pnnci pales centrales electriques des 
Pays-Pas ont ete aclietes suivant ce systeme. En outre, presque 
tous CCS services font executer regulierement des analyses. Celles- 
ci concernent generalement la teneur en humidite, en cendres et 
en matieres gazcuscs, ainsi que la valeur calorifique; dans quelques 
cas on determine encore la teneur en soufre, le jwint de fusion des 
cendres et la cohesion jiendant la combustion. 

Parmi I'industrie privee, ce -sont surtoiit le.sgran des entreprises 
qui fixent des regies pour la qualite du combustible et qui determi- 
nent le prix en consequence. 

Parmi les usines a gaz, qui sont presque toutes des entreprises 
comniunalcs, plusieurs qui produisent ensemble environ la moitie 
de la quantite totale ach^tent les combustibles suivant le .systeme 
d' analyse. Toutefois, il n’y a pas dc methode fixe a ce sujet. 
Generalement on stipule une teneur en cendres maximale par 
rapport a la qualite du coke. D’ autre part, on present encore la 
teneur en humidite et en matures gazeuses. L'linc des grandes 
fabriques calcule le prix de la manierc suivante pour chaque pourcent 
de teneur en gaz de plus ou de moins que la valeur garantie, le 
prix est augmente ou diminue de 2 %. Si cette teneur est inferieure 
a la valeur garantie de plus de 2%, la diminution de prix, pour chaque 
pourcent dc difference, est de 4%. Pour chaque pourcent de teneur 
en cendres de plus ou de moins que la valeur normale, le prix est 
diminue ou augmente de 1 % re.spectivement, si la valeur normale 
est dt'passee de plus de 2%, le prix est reduit de 2% pour chaque 
pourcent de difference. 

En cas d' achat suivant analyse, le vendeur et I’acheteur prennent 
chacun un echantillon d’une maniere aussi exacte quo possible, 
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puis ils le font examiner dans leur propre laboratoire ou dans un 
autre, de sorte que pour obtenir des resultats bien correspondants 
entre eux, il est tres important d’unifier les mcthodes d’epreuve. 
Dans ce but, I’lnstitut National Ncerlandais pour Teconomie des 
combustibles a emis, en collaboration avec des rcpresentants des 
laboratoires, des gros consornmateurs et des fournisseurs de com- 
bustibles, des prescriptions pour la determination de la tencur en 
ccndres, en humidite et en gaz. Ces prescriptions sont observees i 
pcu pres gcneralement aux Pays-Bas, de sorte que I’examen d’un 
m^me echantillon dans differents laboratoires donne des resultats 
qui correspondent bien entre eux, surtout en ce qui concerne la 
teneur en gaz. 

L’ achat suivant analyse presentc une difficulte, en ce sens que 
la necessite de prendre un echantillon de combustible d’une maniere 
convenable entraine des frais importants, surtout lorsque cela doit 
avoir lieu a I’endroit de livraison et que le fournisseur tient a y 
^tre represente. Dans certains cas, s’ll est certain que I’acheteur 
prendra I’echantillon d une maniere bien appropriee, le fournisseur 
se contente de lui laisscr ce soin; toutefois, ces cas ne sont qu’ ex- 
cept ionnels. 

La prise d'un echantillon d'unc maniere satisfaisante est une 
operation coutcuse, de sorte qu’il faut toujours faire un compromis 
entre la justesse de I’echantillon et les frais qui en rcsultent. L'ln- 
stitut National Ncerlandais pour I’economie des combustibles 
a emis egalcment des prescriptions a cet egard, afin d’attirer I'atten- 
tion sur tons les facteurs dont depend I’exactitude. Chacun peut 
alors decider dans quelle mesure il voudra s’ecarter de ces prescrip- 
tions completes, et se rendre compte de la diminution d’exactitude 
qui en re.sultera. 


Rl^SUMfi. 

This paper gives first an estimate of the amount of fuel produced and con- 
sumed in the Netherlands during the last few years, and then the different 
purposes for which the fuel is used It is shown that the production of coal 
from the mines in the Netherlands has recently reached a considerable figure, 
while at the same time the increase of the u.se of power in various forms has 
opened up a very encouraging prospect for the future. In every direction 
there is a tendency to increase the output of caloric installations, and the prac- 
tice of submitting fuels to an anlaysis is greatly on the increase The Nether- 
lands National Institute for Fuel Ecomony has issued standard specifications, 
both for a chemical analysis and for the best methods of sampling 
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Introduction 

Adequate and uniform classification is fundamental to progress 
in the preparation and utilisation of fuels. This self-evident fact 
needs no amplification at a fuel conference, where the first division 
of each of the programmes for gaseous, liquid, and solid fuels 
covers composition and classification. These two subjects are 
closely related, so that classification should depend principally on 
composition. The first step in the development and use of any 
substance is the accumulation of knowledge concerning its com- 
position and other properties. The second step is the reduction of 
this unorganised knowledge to a science by proper classification. 
Gaseous fuels are homogeneous mixtures of simple chemical com- 
pounds which can be identified and their relative proportions 
determined. Liquid fuels are likewise homogeneous fluids in 
which the chemical family groups, at least, can be recognised 
and determined. Gaseous and liquid fuels are, therefore, 
readily classified on the basis of composition and simple physical 
pr^operties. 

Solid fuels, on the other hand, are heterogeneous mixtures. Coal, 
in particular, is a conglomerate of diverse substances which vary 
greatly in origin, constitution and composition. This diversity of 
composition is responsible for the widely different properties of 
various classes of coal. One coal, on heating in a retort, will melt 
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and form coke, whereas another will merely char ; one coal gives 
off large quantities of gas and smoke, while another burns smoke- 
lessly and yields but little gas. We know in a general way that 
these properties are related to the composition and constitution 
of the coal. We do not know the exact relationship, 
certainly not enough for complete classification. The problem of 
coal classification, therefore, is much more difficult than classifica- 
tion of either gas or oil, and it is more important, tor without 
classification our accumulated knowledge of origin, composition, 
constitution, and properties will pile up in useless chaos. The 
scientific use of coal requires a scientific classification, which 
should he a world classification, so that research workers, 
engineers, and others dealing with coal may use a common 
language. It is in recognition of this need that the writer has taken 
this opportunity of presenting a report of the work of the American 
Engineering Standards Sectional Committee on the Classification 
of Coal, and the Committee’s programme for developing a standard 
s}stem lor classifying North American coals. 

Method of Organisation 

The Coal Mining Institute of America referred to the American 
Engineering Standards Committee a system for the use classifica- 
tion of coal, proposed by Geo. H. Ashley,^ State Geologist of 
Pennsylvania, and thus brought about the entry of the Committee 
.into the field of coal classification. The American Engineering 
Standards Committee called a meeting at Pittsburgh in November, 
1926, inviting representatives of various professional societies, 
industrial, educational, and governmental organisations, to con- 
sider what action, if any, should be taken on the Ashley system. 
The Pittsburgh meeting was well attended and strongly in favour 
of taking up the whole question of both scientific and use classi- 
fication of North American coals, including the various ranks 
from lignite to anthracite. The American Society for Testing 
Materials was recommended as the sponsor organisation to form 
the sectional committee according to the rules of the American 
Engineering Standards Committee. These rules provide thai 
“The personnel and composition of each sectional committee shall 
be authoritative and adequately representative of the various 
interests concerned in the standard or group of standards, for 

^ Ashley, Geo. H., A Practical Classification of Coals- Proc Coal Min 
Inst. Am. (1923), pp. 29-36. A Use Classification of Coal Tran'^ 
Am. Inst. Min. & Met. Engrs. (1920), vol 63, pp. 782-796 
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the formulation of which the sectional committee is responsible.'' 
Following this meeting the American Society for Testing 
Materials proceeded with the organisation of the committee. 
Invitations to appoint representatives were sent to the various 
trade organisations interested in the production, distribution, and 
consumption of coal, to professional, scientific, and technical 
societies, and to governmental organisations interested in coal 
classification. The organisation meeting of the committee was 
held in Philadelphia on June 10, 1927. Officers were elected, 
regulations adopted, and general plans for carrying out the work j 
were outlined. 

Following the organisation meeting, the membership of the 
sectional committee was completed. The total membership of 
twenty-eight consisted of eight producers, two distributors, nine 
consumers, and nine members representing general and scientific 
interests. 

Method of Working 

Obviously, a committee of twenty-eight is too large for effective 
operation. Therefore, three technical committees of ten to twelve 
members have thus far been organised; these are on Scientific 
Classification. Use Classification, and Marketing Practice. The 
technical committee on scientific classification was requested to 
formulate a system of coal classification based on chemical and 
physical properties and with reference to origin and constitution. 
The technical committee on use classification was charged with 
developing a system of classification if possible, based primarily 
on the uses of coal and commercial practice ; this system is to be 
correlated with the scientific classification, as far as possible and 
desirable. The technical committee on marketing practice was 
formed to collect and collate information on commercial practice 
for the benefit of the classification committees. 

The first meetings of the technical committees were held on 
November 17, 1927, and the first informal progress reports were 
submitted to the sectional committee at the annual meeting held 
on March 28, 1928. The reports showed that each of the com- 
mittees had made a satisfactory beginning in planning programmes, 
and assembling necessary fundamental data for carrying out their 
work. A brief review of these working plans will be of interest to 
persons concerned with coal classification in other countries, and 
may serve to enlist their informal co-operation with the American 
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committee. It is conceivable that other coal-producing countries 
may also organise similar committees which may eventually co- 
operate in agreeing on a uniform system for all countries. 

Work of the Technical Committee on Scientific Classifica- 
tion 

The technical committee on scientific classification accepted the 
instructions of the executive committee^ and agreed that a scien- 
tific system for the classification of coal should be developed 
primarily on the basis of chemical, physical, and geological con- 
siderations. The work of the committee was organised under Lhc 
following sub-committees : — 

Sub-committee I — On nature, location, and mode of occurrence 
of types of American coals. 

Sub-committee IT — On origin and composition of coal, and 
methods of analysis. 

Sub-committee III — On present and proposed systems of coal 
classification. 

M. R. Campbell, of the U.S. Geological Survey, chairman of 
Sub-committee 1, formulated an outline of what he considered to 
be natural divisions of coal and allied mineral fuel substances. 
These divisions are the various stages through which coaly matter 
passes in its progressive transformation from peat to anthracite. 

Since the metamorphism of coal is progressive, one would 
expect a continuous variation in the chemical and physical pro- 
perties, with no sharp boundaries for setting up divisions. Under 
these conditions the division into ranks would be a purely arbit- 
rary matter of selecting division points on the scale of some 
continuously varying properties. But, as a matter of fact, coals 
from all parts of the scale of rank do not occur in American coal 
deposits. Certain groups of coals vary over limited portions of 
the scale. Gaps exist between these groups in some cases, whereas 
in others the groups overlap. The logical rank divisions for 
American coals are on the boundaries of those groups which have 
a general similarity of properties other than the continuously 
varying property chosen as the scale of rank. This grouping mav 
be considered natural for American coals, but not for coals of 
other countries, in which other parts of the scale of rank pre- 
dominate. With these considerations in mind, Campbell has set up 
the following nine classes, or ranks, of coal and allied fuel 
substances : — 
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TABLE I— LIST OF CLASSES OR RANKS RECOGNISED 


Class or 
Rank 
A 
B 
C 
D 
E 
F 
G 
H 
I 


Equivalent term in present U S. 
Geological Survey classification 
Peat 
Lignite 

Siib-bituminous 

Bituminous, low rank 

Bituminous, high rank 

Semi-bituminous 

Scmi-anthracite 

Anthracite 

Super-anthracite 


The application of chemical and physical criteria to these classes 
will require extended work by the committee. Proximate and 
ultimate analyses, calorific values, and physical properties are all 
of importance. For a beginning, Campbell has confined himself 
to the proximate analysis and the calorific value of the dry ash- 
free coal, and to certain physical properties, such as the tendenc}^ 
to slack on exposure to the atmosphere. Table II gives a summary 
of these criteria. 


TABLE II. 

ANALYTICAL LIMITS AND PHYSICAT. CRITERIA FOR VARIOUS RANKS 

OF COAL 

Proximate analysis Calorific value; 

Class percentage in ash-free of ash-free 

coal. coal. Phvsical properties and occurrence. 

Moist- Vol. Fixed B.Th.U. 

ure. matter, carbon 


A 

90-80 




J^eat 

B 

50-32 

25-30 

28-37 

6,400-8,300 

Slacks freely on weathering, non-coking; 
northern part of Great Plains and Gulf 
coastal area 


32-12 

32-38 

36-50 

8,550-11,800 

Slacks considerably on weathering; non- 
coking; Western States and possibly cer- 
tain coal fields, Iowa, Illinois, Missouri, 
Western Kentucky, and Indiana. 

D 

12-5 

39-42 

1 49-53 

12.000-13.600 

Slight or no slacking on weathering: 
may be coking, all coal-bearing States 
except the Dakotas. 

E 

5-35 

40-22 

55-75 

14,000-15.000 

No slacking properties; often coking; 
most abundant in Appalachian held, but 
also found in most coal-bearing States. 
Friable, coking, nearly smokeless; central 

F 

26-23 

23-15 

74-82 

15,200-15.300 

Pennsylvania, New River-Pocahontas 
field; Fort Smith field of Arkansas and 


Oklahoma. 

G Fuel Ratio (F C/V.M ) from 4-0-10 0. Less hard and less lustrous than typical 

anthracite, near Lykens, Bernice, and 
Carbondale in Pennsylvania, Meadow 
Branch field of West Virginia; and 
Valley field of Virginia. 

H All Pennsylvania anthracite with fuel] Pennsylvania anthracite, 
ratio over 10 0 

I Resembles graphite; Rhode Island and 

southern Massachusetts. Local deposits 
due to metamorphism caused by volcanic 
dikes and sills. 
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The foregoing criteria of classes of coal in the rank scale apply 
to the ordinary ulmic or woody type of coals. Similar criteria 
will be worked out for cannel and boghead coals. Three types 
of coal are recognised, namely : (1) woody, xyloid, ulmic, or humic 
coals ; (2) canneloid or spore coals ; and (3) boghead or algel coals. 
The type represents the nature of the original coal-forming 
vegetation, and the rank represents the degree of transformation 
or metamorphism. 

Sub-committee II, on origin, composition, and methods of 
analysis, is the authority on testing methods, both in describing 
existing methods and in developing new methods. This committee 
will be the source of information on the interpretation of old 
analyses, and will advise on what properties determinations can be 
made. Existing analytical data will be assembled by this com- 
mittee. A preliminary report has been made which gives the 
probable errors and limits of accuracy of the American Society 
for Testing Materials, standard methods of analysis, and com- 
ments on the effect of changes made from time to time in the 
standard methods Experiments are now in progress on the 
development of an accelerated slacking test for low-rank coals and 
lignites These coals usually have a high moisture content and 
disintegrate or slack after mining. The slacking tendency has been 
considered characteristic of sub-bituminous coals and lignite in 
the U.S. Cjeological Survey method of classification. 

Briefly, the slacking test consists of air-drying a l,C)(X)-gram 
sample of 1 to 2 in. lumps at 30° to 35°C. for twenty-four hours, 
and then immersing the lumps in water for one hour; the water 
is then drained off, and the sample is again air-dried for twenty- 
four hours. The amount of disintegration is determined by 
sieving on an 8-in. wire-mesh sieve with J-in. square openings, 
and weighing the undersize and oversize. The percentage of 
undersize is a measure of the slacking characteristics of the coal. 
Results of preliminary tests arc promising : a sample of Texas 
lignite gave 97 per cent, fines; a Wyoming sub-bituminous coal 
84 per cent. ; an Iowa low-rank bituminous 24 per cent ; and high- 
rank bituminous coals, which are known not to slack, gave 3 to 10 
per cent, fines. 

One of the most important problems facing the analytical com- 
mittee is the question of whether to use for classification the 
simple, dry, ash-free analytical values as ordinarily determined 
in commercial coal analyses, or the “unit” values as proposed by 
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Parr. Strict accuracy also demands special correction of the 
hydrogen and carbon determinations to eliminate that part of 
these elements which is derived from water of constitution in 
shale or clay and from carbonates. Tideswcll and Wheeler,^ and 
also Seyler,’ favour such corrections. Our committee recognises 
the theoretical justification in favour of the corrections, but it 
also appreciates the practical difficulties of getting commercial 
laboratories to adopt the more complicated procedures. The 
committee is therefore approaching this question with an op^n 
mind, and proposes to make a thorough investigation of the 
problem. At the present time the simplest solution appears to lie 
the removal of as much ash-forming material as possible by n 
float-and-sink separation of coal and free impurities. This proV 
cedure usually reduces the ash content to such a low amount thai^ 
the error is small — small enough to be disregarded for purposes 
of classification. 

Sub-committee III, on present and proposed systems of classifica- 
tion, of which H. J. Rose is chairman, is studying all of the more 
important methods which have been proposed for coal classifica- 
tion Most of these systems are based either on the ultimate or 
proximate analysis of the coal. Seyler^ has worked out a detailed 
system, based on ultimate analysis, which applies to the whole 
range of coal from lignite to anthracite. Ralston'' applied the 
same method to American coals. By plotting the percentages of 
carbon, hydrogen, and oxygen of the pure coal substance, the 
variation of ultimate composition with other properties of the 
coal can be shown graphically. 

The U.S. Geological Survey system'’ of classification is based on 
the rank {i.c., degree of metamorphism) of the coal, as indicated 
by the proximate analysis and certain physical characteristics, 
such as the slacking tendency of the coal on exposure to the 

2 Tideswell, F. V , and Wheeler, R. V., Pure Coal as a Basis for Classifica- 
tion Tech. Pub. No. 104, Am Inst. Mm. & Met. Engrs., March 1928. 
® Seylcr, Clarence A., The Classification -of Coal Paper presented at New 
^ York meeting, Feb 1928, Am. Inst. Min. & Met. Engrs. 

* Scyler, Clarence A , Proc. South Wales Inst. Engrs. (1900), Vol. 21, 
p. 483, et seq ; represented in Fuel in Science and Practice (1924), 
Vol 3, pp. 15-26, 4149, 79-83. 

^ Ralston, O. C, U.S. Bureau of Mines, Tech. Paper No. 93 (1915). 

® Campbell, W. R., Prof. Paper 100 A, U.S. Geol. Survey (1917-1922) ; 
Proc. Int. Conf. on Bit. Coal. Carnegie Inst, of Tech., Pittsburgh, 
Pa., Nov. 1926, pp. 11-16. 
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atmosphere. This system is generally used by American Geologists, 
and has the advantage of simplicity. The ratio of fixed carbon 
to volatile matter (called "fuel ratio”) is the principal criterion of 
the different classes. The fuel ratio decreases with the rank of 
the coal ; however, the fuel ratio fails to differentiate between 
low-rank coals and lignites. Therefore, slacking and other charac- 
teristics are used for differentiation in the lower part of the scale 
of rank. The Parr^ system of classification is in effect based on a 
combination of proximate and ultimate analyses, since the calorific 
value of coal depends on the ratios between carbon, hydrogen, and 
oxygen, as proved by the fact that the heating value of a coal can 
he calculated to within 1 or 2 per cent, from the ultimate analysis 
by Dulong’s formula. Parr plots the “'pure” or "unit” coal 
volatile matter against the "pure” or "unit” coal calorific value. 
The diagram obtained shows the rank of the various coals. Coals 
of similar properties occur in groups. The volatile matter is the 
dominating factor on the high-rank end of the scale, and the 
calorific value dominates in differentiating the low-rank end of 
the scale. The Parr system appears to have most of the advan- 
tages of the ultimate analysis system, without requiring the tedious 
ultimate analysis determinations, for which many commercial 
laboratories are not equipped Most coal laboratories are 
iu)w able to do accurate calorimetric work and to make correct 
proximate analyses. 

Ashley’s^ system of use classification is based on proximate 
analysis and physical factors, and is essentially similar to the 
U S. Geological Survey system, although the groupings are some- 
what different and the “fuel ratio” limits for each group are not 
identical. The “use” part of classification consists of assigning 
limits of ash and sulphur within the different classes of rank, 
thus indicating the grade of the coal. Ashley also gives repre- 
sentative ultimate analyses of the different classes of coal, and 
specifics physical characteristics, such as “structure,” “hardness,” 
coking properties, flaming properties, etc. Ashley and Seyler have 
worked out complete systems of nomenclature for various coals. 

’ Parr, S. W., The Classification of Coal Jour, of Ind & Eng Chem . 
(1922), Vol. 14, p. 919. 

Ashley, Geo. H., A Use Classification of Coal, Trans. Am. Inst. Min. 
and Met. Eng. (1920), Vol. 63, pp. 782-796. 

® Bull, 89, Topograi)hic and Geological Survey, Commonwealth of Penna, 
(1926). 
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These four systems of classification discussed are the chief systems 
that have received attention in America. H. J. Rose is engaged 
in a thorough study of the systems and is developing a graphic 
method for comparing them. Enough work has been done thus 
far to show^ that the Seyler-Ralston and the Parr systems can be 
compared directly, and it is likely that the U.S. Geological Survey 
and the Ashley systems can also be compared, perhaps less 
directly, but nevertheless with sufficient accuracy to permit of 
setting up limits for a given group of coals of similar charac/^ 
teristics, so as to identif> it in each of the four systems. It is 
proposed that the U.S. Geological Survey, the U.S. Bureau oi 
Mines, and the Department of Mines of Canada, shall collect and! 
analyse a large number of additional samples from unweathered\ 
coal beds to supply any deficiencies existing in analytical data on 
coals of questionable classification. From these comparisons the 
committee hopes to work out eventually the best combination of 
analytical and other criteria for a scientific classification of coal. 

Work of tiik Technical Committee on Use Classification 

The technical committee on the use classification of coal is 
charged with making a study of the possibilities in the develop- 
ment of such a classification, if desirable, possible, and equitable, 
based principally on the uses of coal and commercial practice, but 
also correlated with scientific classification m so far as is thought 
desirable or possible. One of the objectives of this committee is 
to determine how far the scientific classification may be of use in 
commercial practice. Another objective is to secure data on the 
different uses for coal and the requirements for these uses. To 
attain this end, sub-committees were appointed to obtain data on 
the following uses and types of coal ; — 

1 . Gas making : water gas, coal gas, and producer gas. 

2. Coke making. 

3. Coal used in the brick and tile industries. 

4. Coal used in the cement industry. 

5. Coal used in the metallurgical industry. 

6. Smithing coal. 

7. Railroad coal. 

8. Stationary steam generation. 

9. Domestic bituminous coal. 

10. Domestic anthracite coal. 
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Considerable information has been assembled by the sub- 
committee on gas coals, coal for water-gas generators, and coal 
for producer gas. Specifications and desirable characteristics for 
these classes of coal are outlined in the first report of this sub- 
committee. 

The sub-committee on coals for stationary steam generation also 
has submitted a comprehensive preliminary rejiort on the desir- 
able characteristics of coals for hand firing, for different types of 
stokers used in steam power plants, and for pulverised fuel 
combustion. Obviously, no hard-and-fast rules can be laid down 
for such coals, since costs and available suppl\ are important 
factors. 

The task before the use classification committee is a large one, 
and several years will be required to assemble all the needed 
information. 


Work oi' the Tl'chnical Committee on Markeiinc. Practice 
The technical committee on marketing practice is to collect and 
correlate information on marketing practice with reference to 
classification, and for the benefit of the other two technical com- 
mittees. In order to collect data on marketing practice and classi- 
fications now 111 use, sub-committees were appointed to cover the 
various marketing areas of the country. These areas are as 
follow : — 

1 Anthracite (all markets). 

2. New England. 

3. Coastwise (tidewater), export and bunkers, and Atlantic 
States inland. 

4. North. 

5. South. 

6. South-western. 

7. Rocky Mountains. 

8. Pacific coast. 

9. Central (east of Mississippi River). 

10. Southern inland. 

11. Lakes and North-west. 

12. Canada, Eastern and Central, 

13. Canada, Western. 

Of these sub-committees, three have already completed compre- 
hensive reports, namely, those on anthracite, the Pacific coast, and 
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the Rocky Mountains region. The data being obtained are proving 
to be particularly valuable to the use classification committee. 

Con CLU .SION 

In conclusion, it may be said that the work of the American 
h'nginecring .Standards Committee is now well under way. The 
project is of great magnitude and of the highest importance. In 
the organisation period the coal operators were not over enthusi- 
astic, but now they are among the most active working membeits. 
After getting into the work they appreciated the fact that correct 
classification would prove a great aid to a better understanding 
between seller and buyer, and would result in directing each class 
of coal into the use for which it is most valuable. \ 

The organisation of separate committees on scientific and use' 
classifications promises to do away with much unprofitable argu- 
ment in the progress of the work. It provides clean-cut objectives 
for each group, and permits the scientists to develop their ideas 
unhampered by commercial considerations. On the other hand, 
the engineers and commercial men concerned with producing, 
distributing, and using coal are able as members of the use classi- 
fication committee to work out their ideas with the advice of the 
scientific men who compose a minority on the committee. The 
scientific committee consists chiefly of chemists, geologists, and 
paleo-botanisls, but there is also included a minority of practical 
fuel engineers to keep the scientists from wandering into the field 
of impracticability. 

After each of the two technical committees has reached a 
satisfactory conclusion in the work of classification, and has 
submitted a report, the entire committee will probably take steps 
to harmonise "use” and scientific classification as far as is possible 
It is not unlikely that the final result will be a simple system of 
classification, both scientific and useful. 

RfiSUMfi 

L’lmportance fondamentale d’une classification uniforme et complete de.s 
charbons et des mineraiix allies a amen6 la Commission sur les Ittalons des 
Ing6nieurs Am6ricains (American Engineering Standards Committee) a 
organiser une sous-commission pour la r(;vi.sion et I'dtudc des mdthodes 
courantes en vue de rediger un systdme de classification applicable cn general 
aux charbons et lignites de I’Am^rique du Nord, et en m6me temps acceptable 
k tous ceux qui s’lnteressent au probleme des combustibles. 
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Une commission compos6e de 29 membres fut organisee au mois de 
juin 1927 sous les auspices de 1’ American Society for Testing Materials. Elle 
se compose d’un nombre k peu pres 6gal de representants des producteurs, 
des consommateurs et des intdrets generaux Les organisations principales 
professionnelles, commerciales, (Sdiicatnces et gouvernementales ayant int^rfet 
d. la houille y sont representees, comrae le sont tous les points de vue du 
problcme 

Le travail propre de la commission est confic ci trois commissions techniques 
ayant k peu pres 12 membres chacune Les commissions et leurs charges sont 
comme suit 

(1) La commission technique pour la classification scientifique doit rediger 
un systeme de classification base sur les caract^nstiques de la houille rneme, 
c'est-^-dire, sur ses qualites chimiques et physiques, sa constitution el son 
ongine. 

(2) La commission technique pour la classification basee sur I’emploi est 
chargee de I'^tude des possibilites de developpement d’un systeme base 
principalement sur les emplois de la houille et sur la pratique commerciale, 
et en meme temps coordonne au systeme scientifique autant que possible 

(3) La commission technique sur les methodes de vente doit rassembler et 
coordonner les donnees sur les methodes de vente, en tenant compte de la 
classification Ccs donnees seront employees par les deux autres commissions 

Ces trois commissions ont eu leurs premieres reunions au niois de novembre 
1927 et leurs deuxiemes au mois de mars 1928 Leurs programmes ont 6t6 
rediges et le travail a commence Des donnees completes sc rassemblent sur 
la composition chimique, sur les caractenstiques physiques et sur les traits 
geologiques des dillerentcs categories de charbon de rAmcriqiie du Nord 
Tous les systi^mcs de classification proposes au passe et ceux actuellement en 
usage dans les diff^rents pays font le siijet d'un examen rigoureux de leur 
utilite en determinant les caractenstiques de la houille par rapport cisaconduite 
dans ses diflercnts emplois, Une etude speciale sc fait des systemes les plus 
importants bases sur I’analyse elementaire comme proposes par Regnault, 
Gruncr, Saylor, Grovt et Ralston, et ceux bas6s sur I’analyse immediate comme 
proposes par Frazier, Campbell, Parr ct Ashley. Les comparaisons faites jusqu’i 
present indiqucnt que les deux systemes, celui de I’analysc Elementaire et 
celui de I'analyse immediate, peuvent etre coordonnes et que les cnteriums 
limites analytiques d’un certain groupe de charbon ayant de semblables 
caractenstiques peuvent etre inclus dans plusieurs systemes de classification, 
permettant la translation d’un systeme k I’autre, au moms jusqu'^ un certain 
po*nt. 

La commission croit que la classification scientifique des charbons doit se 
faire selon les deux considErations suivantes: tout d'abord, le type de houille, 
dEtermine par la nature de la matiEre qui I’a produit; et puis, le "grade” de 
la houille, ce qui dEpend du degrE de mEtamorphisme de la matiEre houilleuse, 
Les types reconnus d'ordinaire sont: (a) les houilles ulmiques, humiques, 
xyloi'des et ligneuses, (6) les houilles grasse, demi-grasse. et (c) les bogheads 
et algels 

Chacun de ces types de houille peut vaner de la houille brune ou lignite 
jusqu’k I’anthracite, selon le degrE de transformation due aux permutations 
biochi miques et dynamiques. 
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Nous esp6rons que ce r6sume de I’organisation et des buts de la commission 
am6ricaine, avec laquelle coop^re le National Research Council du Canada 
pour les charbons canadiens, doniicra lieu ^ un mouvement ayant pour but une 
classification mondiale des charbons. Une telle unification cst n^cessaire pour 
mieux ^valuer les r^sultats des Etudes faitcs sur la houille dans les diff^rents 
pays et pour climiner les erreurs couteuses dans le commerce international 
de la houille. 
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GENERAL REPORT ON SECTION A 

THE COAL INDUSTRY 

ECONOMIC AND GENERAL CONSIDERATIONS 

J OHN ROBERTS 

1 The followinjj papers from Section A are dealt with in this 
Report : — 

(a) “The Combustion of Brown Coal in the Australian 
Commonwealth,” by the State Electricity Commission of 
Victoria (A2). 

(b) "The Coal Industry in Austria.’’ 1)\ Dr. A. (istoilner ( A3) 
(0 " Proposals for the Technical Designations of Coal 

Characteristics,” by the Gesellschaft fur Warmewirtschaft 
(A4). 

id) "A Study of Post-Carboniferous Coals,” by Dr. Edgar 
Stansfield (A5). 

(^’) “Methods used for the Improvement of Lignites in Czecho- 
slovakia,” by J. Formanek (A6). 

(/) “Methods of Burning Dutch East Indian Coals,” by 
D. J. L. Coninck Westenberg (A8). 

[g) “Korean Coals and their Utilisation,” by Prof. M. Kamo 
(A9). 

{h) “Notes on the Rational Use of Lignite in Roumania,” by 
Joan Bujoiu (AlO). 

(i) “Utilisation of Low-Grade Fuels in U.S.S.R.,” by Prof. 
L, K. Ramzin (All). 

(;) “Characteristics and Classification of Fuels in U S.S.K./’ 
by Prof. L. K. Ramzin (A12). 

(k) “The Constitution of Coal,” by Prof. R. V. Wheeler (A14). 
(/) “The Use of Fuel in the Netherlands,” by F. C. Wirtz 
(A15). 

(m) “The Classification of Coal,” by A. C. Fieldner (A16j. 

2 The majority of these papers are devoted to a discussion of 
the classification of coals, and the resources and methods of utilising 
low-rank fuels, which consist mainly of lignites and coals of 
Post-Carboniferous age. 
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3 Several authors draw attention to the need for a universal 
system of coal classification, which would embrace all coals — 
Carboniferous and Post-Carboniferous (A5) — and one which 
would satisfy the requirements of scientific investigators, tech- 
nical users, and the commercial world. In his plea for such a 
system, Ramzin (A12) states : “I should like to express a wish 
regarding a certain unification both as regards methods of 
laboratory fuel investigation and also commonly employed 
terminology and symbols. When co-ordinating large numbers (|)f 
analyses one constantly has to waste a tremendous amount df 
time deciphering individual analyses for the purpose of asceiv 
taining whether the given values refer to moist or dry coal 
whether gross or net calorific value is understood. . . . The' 
ever-developing co-operation of all nations in the solution and 
elaboration of scientific problems . . . calls for an international 
unification of laboratory methods ... as well as for a common 
language in the terminology and symbols pertaining to fuel 
investigation.” He suggests that the World Power Conference 
should take the initiative in this problem, the solution of which 
would greatly facilitate the exchange of scientific and industrial 
experience. 

4 In paper A4 proposals are made for the technical designation 
of coal characteristics, and there is included a record of the 
work done in Austria on the preparation of reference tables, with 
the suggestion that the Conference should endeavour to come 
to an international agreement on the matter. Standard specifi- 
cations for analyses and sampling have been issued in the 
Netherlands (A15). 

5 The desirability of devising an ideal classification system is also 
emphasised by Wheeler (A14), who considers that : “To express 
the composition and quality of a coal fully, it is necessary to 
specify the proportions of (1) hydrocarbons, (2) resins, (3) 
resistant plant entities, and (4) ulmin compounds that it contains, 

- and to indicate the degree of coalification of the ulmin 
compounds. Analytical methods have been devised for obtain- 
ing such information. Rational analyses of coals on these lines 
should lead ultimately to an ideal scientific classification of coals. 
The technical use of such a classification must then await 
experience of its application to coals of known characteristics. 
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the various properties of the coals being correlated with their 
rational analyses.” 

6 The scientific, technical, and commercial aspects of coal classi- 
fication are receiving attention in the investigations which have 
been undertaken by the American Engineering Standards 
Committee, as described by Fieldner (A16). This Committee, 
in conjunction with the American Society for Testing Materials, 
has appointed three technical committees to review the whole 
question. One committee is concerned with the scientific classi- 
fication, whose function is to formulate a system of classification 
based on chemical and physical properties, and with reference 
to origin and constitution. A second committee is detailed to 
develop a system of classification based primarily on the uses of 
coal, and commercial practice, its work being correlated as far 
as possible with that of the scientific committee. The third, the 
Marketing Practice Committee, was formed to collect and collate 
information on commercial practice for the benefit of the 
classification committees. 


7 The work has naturally been distributed among a number of 
sub-committees, as under : — 


Commit tc 


(a) Scientific Classification 


Siih-Committces. 

Nature, location, and mode of 
occurrence. 

Origin and comj)Osition — Meth- 
ods of analysis 

Present and proposed systems of 
classification. 


Gas making. 

Coke making. 

Brick and tile industries. 

Cement industry. 

Metallurgical industry (coal 
[h) Use Classification used). 

Smithy coal. 

Railways coal. 

Stationary steam generation. 
Domestic bituminous coal. 
Domestic anthracite. 
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(r) Marketing Practice. 

Sub-committees were appointed to cover the various marketing 
areas in the country — 13 in all. 

8 The work is now well under way. The project is of great 
magnitude, and of the highest importance. The committees have 
the active support of the coal producers, who now realise that 
correct classification will provide a better understanding between 
buyer and seller, and will result in directing each class of coal 
into the use for which it is most valuable. 

^ The organisation of separate committees provides clcar-cjul 
objectives for each group, and permits the scientists to develbp 
their ideas unhampered by commercial considerations. On the 
other hand, the engineers and commercial men concerned with 
producing, distributing, and using coal are able to work ou\ 
their ideas with the advice of scientific men. 

10 The Scientific Committee consists chiefly of chemists, geologists, 
and palaeo-botanisLs. "but there is also included a minority of 
practical fuel engineers to keep the scientific men from wandering 
into the field of impractibility.” 

"After each of the two technical committees has reached a 
satisfactory conclusion in the work of classification, and has 
submitted a report, the entire committee will probably take steps 
to harmonise ‘use’ and scientific classification as far as possible 
It is not unlikely that the final result will be a simple system ol 
classification, both scientific and useful." 

As stated by Fieldner, "it is conceivable that other coal- 
producing countries may also organise similar committees who 
may eventually co-operate in agreeing on a uniform system for 
all countries." 

11 It is gathered from the papers that lack of uniformity, if not 
confusion, exists in regard to the classification of lignitic coals, 
particularly in distinguishing between Brown Coals and Lignites 
(Formanek, A6). 


Resources of Low-rank Coals 

12 Approximately 68 per cent, of the estimated coal reserves in 
the United States (AS), and 98 per cent, of the Canadian 
resources are Post-Carboniferous, and of the total resources -of 
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the world 50 per cent, consists of North American Post- 
Carboniferous coals. Only 5 or 6 per cent, of the United States 
production is of coal of this age, while of Canada’s output 60 
per cent, is Post-Carboniferous. It has been estimated 
that west of the 100th meridian the deposits contain 
2,354,235,000,000 tons of coal, including the lignites of Texas 
and Arkansas. About 40 per cent, of this is lignite, and 42.3 
per cent, sub-bituminous, the remainder being almost all bitu- 
minous. 70 per cent, of Canada’s Post-Carboniferous coal is 
lignite. 

13 Large deposits of lignite occur in Australia, both in Tertiary 
and in Trias-Jurassic rocks. The lignites of the Latrobe Valley 
area, dealt with in paper A2, are of Tertiary age. A borehole 
put down in the parish of Maryvale, near Morwell, passed 
through 780 ft. of coal in a depth of 1,019 ft., without passing 
completely through the coal measures. 

14 Fixtensive deposits occur in Germany, and smaller fields are 
found in Czechoslovakia (A 6 ), the U.S S.R. (A12), Korea 
(A9), and the Dutch East Indies (A 8 ). Other coals of low 
grade, such as inferior anthracites, occur in some of these 
countries, and are referred to in various papers. 

15 Not all coals of comparatively recent geological age are of low 
rank, for, as Stansfield (AS) states : “It is safe to assume that, 
other things being equal, a Carboniferous coal is always of 
higher rank than a Post-Carboniferous coal. In other words, a 
comparatively undisturbed seam of Carboniferous coal, by mere 
passage of time and the pressure from superincumbent strata, 
has become more metamorphosed from the original vegetal 
matter than has an equally undisturbed seam of Post- 
Carboniferous coal, with its shorter time since deposition, and 
probably smaller pressure from superincumbent strata. This can 
be expressed by saying that of two coals of equal rank, but of 
unequal geological age, the newer coal must have been subjected 
either to the greater pressure due to the folding of the strata and 
the uplift of mountains, or to heat due to igneous intrusions or to 
lava flows.” Evidence in support of this contention is furnished 
by Stansfield, as exemplified in the case of North American 
coals. 

16 Even Eocene coals (A 8 ) have, in places, been converted by 
volcanic agencies into anthracite. 
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Utilisation of Low-grade Fuel 

17 The lig-nitic coals are non-coking, and are characterised by 
high moisture contents. These properties demand that special steps 
be taken in their utilisation, a matter which has received consider- 
able attention in several papers. 

18 Combustion . — Paper A2 describes fully the work done in 
Australia on the development of systems of burning brown coals 
of high-water content, up to 65 per cent. ‘Tn designing boiler 
plants intended to utilise brown coal in the raw state, many/ 
difficulties are experienced, due principally to the moisture present! 
in the raw fuel, and the relatively low heat value of the com-\ 
bustibles in the coal. The moisture in the fuel results in an 
increase of the stack losses, with a corresponding decrease in 
the thermal efficiency, while the aggregate effect of the high 
moisture and low heat value of the combustible is that the grate 
area must be made correspondingly larger." 

Several modifications have been introduced in boilers of various 
types, which are described and illustrated in paper A2, the heat 
balances of the boiler trials being given The Yallourn brown 
coal, with 64 per cent, of moisture, presented much greater 
trouble than the Morwell coal of 50 per cent, water content. 
Many systems of pre-drying were tried. Mechanical step grates, 
used in conjunction with drying shafts, have proved successful. 

20 It has been found that pre-drying the air for combustion has 
a beneficial effect. Similar results were obtained in tests on the 
combustion of brown coal of the Sub-Moscow region, and with 
Tcheliabinsk coal (All), where the introduction of the hot blast 
increased the efficiency of the furnace. 

21 Considerable work on the combustion of Eocene coals, con- 
taining up to 45 per cent, of volatile matter, has been carried out 
in the Dutch East Indies, as described by Westenberg (A 8 ). 
Experiences in hand-firing and mechanical firing on various types 
of plants are recorded. Pulverised-fuel firing has proved success- 
ful with these coals, as well as with Korean anthracite (A9). 
The latter paper, however, deals chiefly with the low-temperature 
carbonisation of brown coals. 

22 Low-Temperature Carbonisation of Brown Coals. Prof. Kamo 
(A9) gives a description of the Asorbus carboniser, designed 
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for the low-temperature treatment of brown coals, and includes 
tables of yields and the properties of the products. The coal is first 
screened ; the undersize passes to one threaded drum, and the 
oversize through a separate chute to a smaller threaded drum, 
which revolves within the larger one. At the outlet of these, but 
within the retort proper, the coals are mixed, and then pass 
through the retort, being agitated by means of paddles. The 
carbonising temperature is 500°C. The volatiles pass backwards 
through the coal, and the tar deposits its dust in filtering through 
the coarse-grained coal. The carbonised residue is used for 
pulverised-fuel firing. 

2 j The results so far obtained indicate that the low- temperature 
carbonisation of brown coal, combined with pulverised-fuel firing, 
Avhen earned out at the mine, are efficient ways of utilising 
Korean coals. The objective is, therefore, the installation of 
suitable power plants on the site of all coal mines, in order to 
convert the fuel into electrical energy at the spot where it is 
mined, and to inter-connect them with transmission trunk lines, 
mid distribute electrical energy into all the jirincipal cities and 
industrial districts in the Korean peninsula. 

24 The Institute of Industrial Chemistry in Bucharest has obtained 
satisfactory results in the distillation of Roumanian lignites 
at low temperatures The primary coke from this process is 
briquetted, the binder containing 97 per cent, of lignite tar and 
3 per cent, of oil tar (AlO). 

25 Experimental work on the low-temperature carbonisation of 
lignite is recorded also in paper A 6 . In this case, the lignite char 
produced was briquetted with sulphite liquor, and the briquettes 
rendered waterproof by a second carbonisation, in order to car- 
bonise the binder in the briquettes. The experiments proved 
unsuccessful. High- temperature carbonisation gave better results, 
but in this case the industry has been suspended, as the result of 
the ovens becoming damaged during a strike. 

26 High-Tcmperature Carbonisation. The plan generally employed, 
as described by Formanek (A 6 ), consisted in carbonising lignite 
at high temperatures in a modified form of Appolt oven. Plants 
having capacities upwards of 300 tons of lignite per day have 
been used for a number of years. The temperatures employed 
reached 1,100° to 1,300°C. The carbonised residue was screened 
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in three sizes. The fines were briquetted with lignite tar pitch. 
The larger sizes were used in boiler furnaces and gas producers. 
TTie latter type of plant is more generally applied to the gasifica- 
tion of raw lignite. 

27 Gasification. About 40,000 tons per annum of Bohemian lignite 
IS gasified in producers of the Mond, Kerpely, Roller, Heller, 
and other types. The following extract is given as an example of the 
yields obtained with a low-grade lignite : “The Mond gas pro- 
ducer plant at the Mannesmann Works uses low-grade lignite, 
which has 30.5 per cent, moisture, contains 31.82 per cent, of a^h, 
and 0.81 per cent, of nitrogen in the dry lignite, and has a heating 
value of about 5,400 B.Th.U. per lb. From 1 metric ton of 
gasified raw lignite are recovered 45,000 cu. ft. (at 0°C. and 
760 mm.) of gas of 158 B.Th.U. per cu. ft., 61.4 kilos of tar, an(^ 
16.5 kilos of ammonium sulphate.^ 

28 Briquetting. The briquetting of raw lignite has been practised 
for many years. Formanek gives details of the practice in 
Czechoslovakia. Briquettes are made without a binder ; the 
pressure employed in the moulding machines reaching from 1,300 
to 2,000 atmospheres, and plants have capacities up to 600 tons 
per day. Some of the lignite beds exhibit more plasticity than 
others, hence, mixing is adopted in some cases. About 200,000 
tons of briquettes are made annually in Czechoslovakia. 

29 Conclusion. There appears to be a unanimous desire on the 
part of several authors that a standard system of coal classification 
be formulated. 

The papers contain valuable information relating to large-scale 
experimental work on the utilisation of low-grade fuels, and record 
substantial progress towards a solution of the difficult problems 
of the combustion and distillation of lignitic coals, vast reserves 
of which await exploitation. 
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TUESDAY, SEPTEMBER 25 (mORNINT.) 

Section A 

THE COAL INDUSTRY 

ECONOMIC AND GENERAL CONSIDERATIONS 

Chairman — ^Thk Rt. Hon. Lord Aberconwav ((ireat Britain) 

Till-: Chairman in opening the meeting said that as an Englishman 
addressing so many friends from other countries, lie was deeply 
interested m the production of coal and recognised how important 
it was to organise that great indm<try, not only from the technical 
but from the commercial point of view In Tlngland we liad no 
organisation m tlie coal industry In (ierrnany, on the other hand, 
the home of organisation, we found the coal trade in a position of 
comparative security, with regulation of output and prices and with 
associations able to deal with the mine owners and coal producers 
in other countries We had nothing of the kind in (jreat Britain, 
though we were the oldest coal-])roducing country in the world 
and our output to-day was so far in excess of our own ri‘quiremcnts 
that we dejiended largely on exporting coal abroad Our .system 
generally was bad. The coal was owned by land-owners who 
crimpelled collieries to work their coal whether at a proht or, under 
their mineral leases, practically a loss We have spent large sums 
in equipping first-class collieries and, because we produci‘d more than 
we could sell, we were all struggling in the market to dis})ose of our 
coal, no matter at what price. Sell we must, even at a loss, and he 
deplored the fact that a nation so intelligent as ours should not 
see the necessity for a complete sales organisation such as that to 
which some of those attending the Conference were pointing the way. 
Therefore, he welcomed the members of the Conference as helpers in 
this great cause The question of classification was of the utmost 
importance, and if the Conference did nothing more than to establish 
a system of classification it would be doing excellent work. 

Mr. ]. Roberts, the General Reporter, then presented the General 
Report to the Section. 

DISCUSSION 

Mr. Wallace Thorneycroft (Great Britain), Vice-President, 
in opening the discussion said that it was apparent that the 
majority of the papers dealt with the classification of coals 
in various ways and it would perhapis be appropriate for 
him to refer to the object aimed at in the wide-spread 
attempt to devise a "simple system of classification both 
scientific and useful." These were the concluding words of 
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Mr. Fieldner's comprehensive paper describing the organisation 
that had been set up in the United States for the purpose. Mr. 
Ficldncr’s paper indicated that the American conception of the 
problem postulated a thorough scientific investigation before 
attempting to harmonise the .scientific cla.ssification with what he 
called the “use” classification. There would be agreement in this 
Conference he (the speaker) imagined, with that procedure. Before 
coming to more detailed questions he thought it desirable to consider 
for a moment the cause of this wide-spread desire for classification 
of coal in order to make clearer the objects to be kept in view 
Before the world war in 1914, investigations of the composition of 
coal and the use to which the infinite varieties found in the earth 
could be put were chiefly ('ontined to comjiaratively few experts 
concerned with it.s winning, working, di.stribution and con.suinpticm , 
and progre.s-s was slow Since that tune, either by rea.soii of short ige 
of supplies or, latterly, on account of excessive supplies offc-redlin 
the markets of the world, coal had been v^ery much in the limelight, 
and consideration of the supply of and the demand for coal had beqn 
forced upon the Governments of nearly all civilised countries. 
It was not unfair to suggest that the majority of those in high places 
in (iovernmental circles in all countries were more or less astonished 
to find how little they knew about coal, and the general public 
knew less Hence the initial demand for more information and the 
provision of public funds for the purpo.se of scientific investigations 
which have already materially added to our knowledge Many new 
terms had been used by investigators in their description of the 
complex component parts of coal, and there was evident necessity 
for scientific definition of the terms used and even for the methods 
used for the separation of the substance referred to, in order to 
arrive at a scientific classification of coal Increase of knowledge 
leading up to this would be welcomed by all 
Whether scientific classification could be u.sed in commercial 
practice had still to be determined, and involved definition of 
commercial practice It would not be disputed that before the war 
the commercial value of all classes of coal was adjusted by the free 
play of competition between producers, and that each consumer 
was supplied with the available variety best suited to his purpo.se 
as the result of the accumulated practical experience of producers, 
distributors and consumers The classification for commercial 
purpo.ses was, therefore, automatic and extremely delicate- but 
dependent upon competition Again, it would not be disputed 
that the producer whose costs permitted the delivery of a suitable 
variety of coal to the place of consumption at the lowest price would 
command that market. It was difficult to sec how any specification 
or classification of that variety would alter this; but subsidies to 
lower cost of production or distribution certainly did have such a 
result. The present supply of coal was greatly in excess of the 
demand. The desire of each producing area to get the maximum 
possible share of the trade available might account for the sug- 
gestions of commercial classification. It was not the object of the 
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Conference to discuss the subjects of free competition between 
producers, subsidies to lower costs of production or distribution, 
etc., but these and other essentially commercial matters must be 
considered before deciding whether any commercial classilication 
based upon a scientific classification was desirable, possible and 
equitable. 

Coming to the scientific classification of coal, Mr Tliorneycroft 
said that Dr. Wheeler’s paper opened up a wide field for discussion 
and showed the necessity of going back to the processes involved 
in the formation of coal when considering classilication. In his 
opinion bacterial action was most important, and he commended 
a study of the papers by Kidston and Lang on the peat-like deposits 
found in the Devonian Rocks Tu;ar Elgin in Scotland, published by 
the Royal Society, Edinburgh The original j^lants could not bi‘ 
neglected, and some change m the variety of plants flourishing during 
the accumulation of the coal forming inalerials miglit account for 
the fact that entirely different classes of coal were often found in this 
country in the same seam; and usually seams Iving one above the 
other but separated by a few fathoms of shale or sandstone were 
of different cla.sses, although they must have been subject to the 
same geological conditions after the formation of tht* original mass 
of vegetable material Several papers referred to similar charac- 
teristics of coal of the same geological age subject to alterations 
due to observed earth movements and volcanic action 

As the primary function of coal in practical use was to gi'iierate 
heat, superficial consideration would point to classification by its 
calorific value only as measured by a calorimeter or calculated from 
the ultimate chemical analysis, but it would j^irobably be agri'cd 
that this only touched the fringe of the (juestion It would be 
interesting to hear the views of the Conference on the suggestion 
from Austria that the reference figures prepared by them “approacli 
as near as jiossible to the ideal average of pure coal values ’’ In all 
this intensive scientific study of the characteristics of various coals 
the samples worked upon were presumably drawn from jiarticiilar 
seams, but when we came to commercial classification it must be 
remembered that we had to deal frequently with mixtures or blends 
of various seams and the vexed question of sampling as well as the 
method of analysis must be considered. The standard sjiecification 
issued by the Netherlands for sampling and analysis would come 
UI3 for discussion. 

The resources of what were called low rank coals were dealt with by 
several authors, and it was evident that these had been lirought 
into prominence by political considerations which were outside 
the limits of discussion at the Conference. Their use and treatment 
depended upon and varied with the amount of water and ash that 
they contained. Most of the papers referred to whole seams of 
coal, but it was perhaps worthy of mention that some low rank 
j coals were found as parts of seams of much higher quality 
i Treatment of these low rank coals by high temperature as well as 
[by low temperature carbonisation was described at length, as well 
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as briquetting; and discussion would probably emphasise the fact 
that eacli particular coal required a special study and that it was 
not safe to say that any particular form of apparatus, successful, 
with one coal, would certainly be satisfactory with another. 

Consul-(ieneral E (i Sahlin (Sweden), speaking with regard to the 
classification of coals, said that this matter had been gone into in 
Sweden to a considerable extent, with the result that some of the 
larger consumers there now bought coal under a guarantee with regard 
to h(‘at value, ash content and moisture. The average value, 
however, depended not only upon these three factors but upon 
other propcTties such as the origin of the coal, its cokinf and slack 
forming tenflencies, its volatile* (ontents and so on, all of which 
had a great influence upon the amount of heat which could l^e ob- 
tained in practical use The useful heat, however, was the fackor 
of })rimar\’ im])oiianc(' lo llu* consumer. It was well known that a 
high percentage of dust and small coal resulted m considerable 
losses owing to the small particles falling down through the stokbr 
without being consumed If was also well known that the per- 
centage of volatile substance had a great influence on the commercial 
results obtained, and wh(‘re a high furnace temp( rature was de- 
manded. and tiarticularlv where the air was pre-heated, it was almost 
impossible to use a coal w'lth a low fusing temperature of the ash 
Under these circumstances it was only reasonable that the user 
should demand reliable information in advance* with regard to the 
pio})erties of the coal. Eoi instaiu'e, the expression “large steam 
coal’’ was much too vague and formed a quite iiisulftcient basis 
upon which to judge the properties of a coal Very often coal 
delivt‘red as large steam c'oal contained from 30 to 40 per cent of 
small coal, which resulted in the quality varying a great deal This 
lack of international accord m terms of definition left very much 
to be desired, and the Swedish Delegation placed before the Con- 
ference the following re.solution 

“Whereas it appears desirable that an international nomencla- 
ture for the classificatic.m of coal with regard to its properties 
be adopted and that a uniform system for the determination 
of the fundamental properties of coal be established Resolved 
that the International Executive Committee of the World 
Power Conference be requested to take suitable steps to that 
end “ 

The Chairman remarked tliat the resolution had been accepted 
by the Executive and asked if anybody desired to discuss it 

Mr C. i.k Maistre (Great Hritain) said that this was a question 
not only of scientific but of great commercial importance and a 
resolution of this nature should be regarded with the very greatest 
caution. A considerable amount of work had been done in America 
on this subject and it was well known in this country that a great 
deal of work was also in hand. Therefore, if the World Power 
Conference was to set up any organisation or machinery to attempt 
international standardisation at the present moment, it would be not 
only not progressive but harmful to the delicate discussions going 
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on at the present time. Therefore, he wished seriously to strike 
a note of warning, and to suggest that such a resolution should not 
go forward without very careful consideration and that at the 
moment the World Power Conference should not set up any inter- 
national machinery until the various countries interested had had 
time to put their own house in order. No doubt the discussion would 
be sufficient to ventilate the subject as it should be ventilated, but 
the problem was so wide-spread, the difficulties so tremendous, and 
the commercial considerations so delicate, that each country should 
be allowed considerable time to put their own house in order before 
any attempt whatsoever was made towards international agreement. 

Dr. E W. Smith (Joint technical Secretary) speaking on behalf 
of the Technical Committee of the Conference, said there was not 
the slightest intention of recommending the World Power Con- 
ference as such to carry out any of this work The object of the 
resolution was merely to empower the International Executive to 
see that it was done At the moment there was no organisation 
m existence which had the fluty of mauguratmg co-ordination of 
this kind He reminded Mr Le Mai.stn^ that the Conference was 
definitely representative of the very organisation on behalf of which 
he was speaking, and the suggestion was (hat this Conference be 
empowered to take a watching brief to sec that everything was 
done on belialf of the llriti.sh Engineering Standard Association and 
of other international bodi(“s to co-ordinate their work There was 
no intention of the Conference carrying out the work itself. 

Dr a. Parkkr (Great 1 Britain) said that while it was perfectly 
clear that differences in many respects would be necessary in 
consequence of the different conditions in various countries, there 
were, nevertheless, certain methods which might well be standardised. 
At the meeting in the afternoon of Section I*} the question of sampling 
and testing solid fuels would be discussed, and, perhaps, some of the 
methods would be dealt with in greater detail As a re.sult some 
scheme for arranging co-operation between the different committees 
of different countries might be devised and he supported the reso- 
lution 

The resolution was then put to the meeting and declared carried. 

Mr F. C Faraker (Australia) said that it had been hoped to have 
presented to the Conference a comprehensive report on the coal 
resources of Australia. Unfortunately the report had been re- 
ceived too late and was. m fact, still in an unfinished form. It 
would, however, be placed at the disposal of the Conference later 

Mr. H Lafeer Lewis (Australia) thought he was right in saying 
that the State of Victoria had already proved more brown coal than 
that which had been found in Germany, which was the home of 
brown coal development The depths of many scams of brown 
coal in Victoria were unusually thick. There were several bores 
showing between 400 and 500 ft of coal m the neighbourhood of 
Yallourn, whilst at Morwell there was almost 800 ft. of coal showing, 
whilst the bore was only just over 1 ,000 ft and at the time of ceasing 
boring operations they were still in coal 
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The Yallourn coal was very similar to that of the middle German 
brown coal, being friable and having a water content of approxi- 
mately 64 per cent and a gross calorific value of a dry sample being 
approximately 10,850 H.Th.U., the ash content being extremely 
low and slightly over 2 per cent., which was a very important factor. 
The main power station at Yallourn had a capacity of 75,000 kW., 
and at present was being extended to 150.000 kW , the whole of 
which was operated with Yallourn brown coal having a moisture 
content of 64 i)er cent Considerable trouble was experienced in 
the initial stages of starting up the plant in the burning of this 
higti moisture content coal on the underfeed travelling type of grate 
whicli was selected To increase the evaporative cajiacity of the 
boilers pre-drying shafts of the louvred type were installed in some 
of the Ixjiler units Tins resulted in considerable drying effect on 
tile coal, but Ic'cl tcj c'xcessive draught drop, and difficulties werfl 
also encountered from the coal sticking in the drying shaft \ 

These louvred dryers were subsec]uently superseded and fixed step' 
grati's wc'ic' tric'd m front of the underfeed mechanical travelling 
grate' riie ri'sults obtained m this dirc'ction were encouraging, 
and several boiler units were equipped with this type of furnace. 
Some of the stc']) grates were mechanicallv operated Stationary 
step grate's were' used at the ('omimssion’s briquette factory and were 
ado]jteel after e‘\]ie'nence gained in Germany. Such infomiatioii 
was not obtainable at the time the power station was di'signed, 
for this followc'd imme'diately after the end of the late war, at which 
time iii'goliations with (ic'rniany were difficult 'Fhe step grates 
at the' briciuc'tte factory had been most successful and had resulted 
in boiler evaporations c'onsiderablv m e\cc\ss of the guarantees of 
the manufacturers Some of the latc'st boilers at the' jiower station 
had bec'ii eejuipped with mechanical stc]) grates using jire-he'ated 
air with gri'at succc'ss There was no doubt that mecliaincal step 
grate's with pre-heate'd air were most suitable for brown coal power 
stations having to meet large fliict nations in steam demand Auxi- 
liary dust-liring might be' used to great advantage to ove'reouie these 
peak loads which had to be met at short notice The briquetting 
jilaiit ot the Commission was designed along similar lines to that 
used in (Germany and was installc'd in 1924 The average' output 
of the present plant was 400 tons per day and was at the present 
time bc'ing extendc'd to give an output of apjiroxiinately 1,250 tons 
per day For the purpose of general economy, etc., it was decided 
in these extensions to the briquette factory to adopt a steam pressure 
of 650 11) and 750 F. This would be the first high-pressure plant 
in Australia and was being watched with considerable interest 
by all engineers out there. For the purpose of studying high- 
pressure ])ower station development, the speaker had made a world 
tdur last year on behalf of the Commission, and he was greatly 
impressed with the extent of high-pressure power station develop- 
ment, fiarticularly in the U.S A. and Germany He had, during 
this tour, visited every high-pressure plant of importance in the 
world, with the exception of South America. The Commission had 
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made considerable investigations into the pulverising of brown 
coal with very satisfactory results, but the cost on a B.Th.U. basis 
was not favourable, at least for the present, in comparison with 
the cost of black coal in Victoria The results of the Commission’s 
investigations had been published in a bulletin which was now 
available. The Commission had also investigated the recovery 
of by-products and the carbonisation of brown coal, but the prospects 
of such a plant on a commercial basis were not hopeful at this stage, 
with the high cost of labour and plant in Australia. The findings 
of this research work had also been published in a bulletin by the 
Commission. Considerable development had taken place in 
Germany during the last few years m carbonisation and the re- 
covery of by-products from brown coal, whicfi were being watched 
with very great interest by engineers all over the world. The 
economic conditions, however, in (iermany were very different 
to those existing in Australia The developments of the Victorian 
brown coal field were in its early stages and there was no doubt that 
there was a very large future in front of this State m the development 
of its natural brown coal resources The Yallourn brown coal was 
supplied to the boiler bunkers for 2s per ton Although only having 
a heating value of approximately one-third of good black coal, it 
was very much cheaper than the latter which cost from 36s. to 40s. 
per ton for large consign mi'iits 

Mr. William J Krdos (Hungary) discussing new types of mechani- 
cal stokers, said that on the basis of experiences m the countries 
which use low grade as well as high grade fuels, it could be stated 
that the mechanical stokers play a significant and ever-developing 
role in connection with energy and steam production. Three kinds 
of mechanical stokers were known in general: (1) Wandering stokers; 
(2) Underfeed stokers, (3) Forefeed stokers 

The first two were most suitable for high-grade fuels, because 
when using inferior fuels, especially tho.se containing a great quantity 
of ash, notably when of low smelting temperature, many difficulties 
arose. For instance, the fuel and the ash smelts and bakes on the 
whole width of the grate-surface and the clinkers included much 
unburnt fuel; and, further, in consequence of the inpenetrability 
of the ash clinkers, the air distribution and the combustion became 
uneven. 
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In certain parts of the Danube basin, for example in Hungary, 
there were different kinds of coal with an ash content up to 30 
per cent, and more. The following table showed the varieties of 
Hungarian coals, according to their geological age and content of 
calorics and ash: — 


C.eological age 

Occurrence 

j Variety 

Calorie 

W.E. 

Ash 

per cent. 

f.ias and chalk 

Pecs 

Manyok j 

Komlo j 

coal 

4,000-6,500 

15-35 

Kf )(e n -Oligoccn 

T ata j 

Dorog 1 

brown coal | 

4.000-5,600 

7-20 

1-0 wer 

Mediterranean 

Ba.sin ol | 

Salgotarjan 

brown coal j 

3,500-5.000 ! 

1 

14-35 

\ 

lippei 

Mediterranean 

Basin of ' 
Borsod ; 

brow n coal | 

2,200-3,000 1 

i 

1 2-35 

1 ’ontus-Pannonia 
(lignite) 

Varpalota 
Ciyongyo.s ^ 

lignite 1 

I 

about i 

2,000 

12-25 


The problem of constructing a stoker, able to bum economically 
and with a high capacity both the superior and inferior kinds of coal 
and dust and waste, had been taken in hand in Hungary, and the 
Record Stoker which liad been in use for two years at the Hudapest 
Royal Polytei'hnical I’niversity in practical experimental work with 
various fuels, produced the most favourable results The construc- 
tion consisted of alternativelv forward and backward moving long 
bir bearers, which bear the record-bars of a special form (F g. 1). 
These were a combination of a relatively higli barstem with a series 
of wings, each having an upper shank and a lower shank yiartly 
overlapped by the upper shank of the adjacent wing The top 
surface of each upper shank was slightly inclined. This structure 
prevented, on the one hand, the falling of dust and small coal, while, 
on the other hand, it ensured a favourable distribution of air and a 
very elhcicnt cooling of the material, and therefore a great durability 
in lire. That was important with regard to the recently increased 
application of air pre-heating and also to the large grate-capacity 
and high grate temperatures, which required fireproof grates. On 
these points favourable working results had been obtained 
With the collaboration of the Calory Economical Section of the 
Budapest Royal Technical University, under the direction of Prof. 
Schimanok, experiments had been made on Record Stokers with 
different kinds of coals from 2,500-6,500 W.E. calorics, in course 
of which a grate capacity of 1,000,000 W E. calories was obtained. 
If a larger specific grate capacity were desired it could be attained 
by the extension of the tire space. In this case, fore furnaces with- 
out irradiation to the boiler were used, and the capacity of the fire 
space reached 690,000 W E. calories per cu. metre and the tempera- 
ture over the grates 1 ,400°C.. Under these conditions fire bricks 
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Fig. 2. 

Record Stoker of high burning capacity. 


to the grate end. This gave, when working, a very quick adapta- 
bility to the different combustibles and loads. The length and num- 
ber of strokes could be adjusted as required. The bar bearers 
worked on rollers whereby a noiseless and frictionlcss working was 
ensured. The Record Stoker had been developed to make it adap- 
table to the largest grate surfaces (Fig. 2) In this case the bar 
bearers were arranged in three or more groups. Every group was 
driven from the same main axle, but with a separate excenter and 
lever transmission, so that the stroke length of the bar bearers 
could be separately adjusted in every group in a few seconds with 
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a hand wheel. The height of the bed of combustible could also 
be adjusted according to need. The air conducted in the ash pit 
of each grate group could also be regulated. The moving bar 
bearers A and the fixed bar bearers B were placed alternately after 
the manner of squares on a chessboard, and thus a very efficient 
agitation and crushing of the combustible and ash in several 
directions was ensured. On the two side walls of the Record Grates 
were hollow cast-iron blocks, cooled by air, which, on the one hand, 
prevented the baking of clinkers into the fire-bricks and, on the other 
hand, pre-heated the primary air for the burning Over rolling of 
the fuel was by this structure impossible, because the incline angle 
was not too great; against this, the combustible and ash wandered 
with the desired layer height and speed towards the end. The idea 
in this grate was to create a fore feed stoker adaptable to any kihd 
of fuel, at the same time, meeting all other requirements in con- 
nection with a mechanical stoker of high capacity and efficiency. 

Prof L K Ramzin (U S S.R ), referring to the paper presented 
by the State Electricity Commission of Victoria on the subject 
of the combustion of Victorian brown coal, said the results and 
conclusions corresponded in the main with those achieved in Russia, 
although the work of Australian and Russian engineers had been 
carried out indepiendentlv Among the fuels containing a high 
percentage of moisture used m the U.S S R for burning on chain 
grates, were peat, tan bark, wooden chips and brown coal It was 
known that the more volatile matter the combustible contains, the 
more difficult it was to attain steadiness of the combustion process. 
With fuel containing the same percentage of moisture and with 
other conditions eepial, when the content of volatile matter was 
increased, the temperature of a fuel bed was decreased. Therefore, 
the combustion of wood and peat containing 70-85 jier cent of 
volatile matter, as compared with Australian coals containing 
55 per cent of volatile matter, presented greater difficulties Never- 
theless, Russian engineers had succeeded in achieving good results 
with comj^lete steadiness of combustion on chain grates with wood 
containing 45 per cent, moisture, and peat containing up to 62 per 
cent, moisture, a heal liberation of 1,000,000 calories per square 
metre of grate per hour recorded, and this figure corresponded with 
Australian practice 

The following conditions were essential for correct combustion of 
fuel containing a high percentage of moisture; (1) The increased 
covering of the grate by arches, in order to prevent cooling of the 
fuel on account of radiation The best results were attained with 
long back arches As regards the arch arrangement Russian con- 
structions were similar to those of the Australian, and he considered 
them to be quite correct (2) Application of hot blast (3) For fuels 
with very high moisture content it was essential to pre-dry the fuel 
in the combustion chambers by means of a special apparatus. 
In the U.S.S.R. this consisted of a shaft, but not an inclined grate! 
It had been found that a drying shaft was cheaper and more con- 
venient in use. One of the Russian constructions of grates with 

250 



DISCUSSION 


the shaft dryer was described in the paper No. R6. Another con- 
struction was, in the main, similar to that illustrated in Fig. 10 of the 
Australian paper. 

A stationary grate of step grate type could be used only for fuels 
containing a very small percentage of ash, for instance, for Australian 
lignites which contained only 2 to 4 per cent of ash. Russian 
experience m connection with the use of such grates of German type 
for brown coal (sub-Moscow coal), containing a higli percentage of 
ash, showed very poor results, because these grates require a con- 
siderable amount of manual labour for cleaning the steps from ash. 
(4) As regards pre-drying of coal outside the combustion chamber, 
the decision of the State Electricity Commission of Victoria to 
dispense with the pre-drying was quite correct. Pre-drying, of 
course, improved the process of combustion and decreased losses 
with flue gases, but at the same time the heat consumption was bigger, 
as additional heat was necessary for the dryer and there were 
considerable losses in the dryer with escaping dust. Russian 
experience sliowed that the loss of brown coal when drying in the 
ordinary type of gas drum dryer with normal cyclones amounted to 
5 to 10 per cent Therefore, if the efficiency of the installation 
was to be calculated, taking into consideration not the dried coal 
but the raw coal supplied into the dryer, the efficiency of the instal- 
lation e(] nipped with a pre-dryer would be le.ss as compared with 
the installation with direct firing of raw coal Further, pre-dr^dng 
made the installation more complicated and increased the cost of it. 
As far as the Australian engineers had succeeded in solving the 
difficult problem of direct combustion of coal containing a high 
percentage of moisture, the pre-drying ought to be abandoned, 
becau.se pre-drying would reduce the thermal efficiency of the instal- 
lation and in any case would increase the cost of a ton of steam 
Finally, because the Australian brown coal had a low content of 
ash and large content of volatile matter and moisture, it was neces- 
sary to abandon the idea of burning this coal in a pulverised state 
until the method of pulverising such coals without preliminary 
drying was improved. Indeed, the application of a pulverised 
fuel system to brown coal combustion as compared with mechanical 
stokers could only give a negligible increase of boiler efficiency, and 
this advantage would be eliminated entirely owing to the consump- 
tion of fuel, and losses during the drying process. The cost with a 
pulverised fuel system would also be considerably higher on account 
of the necessity to have a cumbersome and expensive drying plant. 
Therefore, in his opinion, the State Electricity Commission of Victoria 
had worked out a correct and economical method for burning brown 
coal and liad solved a very difficult technical problem. Good 
results could be achieved by providing the chain grates with hot 
blast and pre-dryers of a shaft type, as illustrated in Fig. 10 of the 
Australian paper. 

The pre-drying could be intensified by sucking hot flue gases 
through a bed in the upper part of the shaft, i e., leading the 
through in the direction opposite to that of air. Such a method 
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had been applied successfully in connection with burning tan bark, 
containing a high percentage of moisture As a general conclusion 
it appeared to him that the technique of combustion had made 
such progress that it was nov/ possible to burn any type of low grade 
fuel efficiently 

With regard to the paper presented by Prof Kamo on the question 
of combustion of pulverised Korean anthracite; as was pointed out 
in his own paper, A/7, on combustion of pulverised anthracite culm, 
the problem of the combustion of anthracite even with a high 
content of ash could be considered as solved Russian anthracites 
had an average of 5 per cent and a minimum of about 3 per cent, 
of volatile matter in combustible matter, ie, less than Korean 
anthracites, which gave during the tests 7 to 10 per cent, of volatile 
matter Moreover, there had been no dilticulties m maintaining 
the steadiness of combustion with Russian anthracites. The 
softening point of ash of Russian anthracites was considerably 
l('ss than that of Korean, and varied from 900 to 1,250"'C The 
average softening point was about 1 ,180^C as compared with 1 ,300°C 
for Koreans Nevertheless, with a furnace of rational construction 
even without water cooled walls. Russian engineers had had no 
special difTiculties with slag and its removal The use of water- 
cooled walls was desirable, but their surface must not be increased 
too much in order to avoid any troubles with ignition, and the correct 
combustion of the anthracite The application of water-cooled 
walls ought to be accompanied by hot blast from air pre-heaters 
Furthermore, with the unit type of pulveriser “Aero," used in Korea, 
there was no necessity to dry anthracite down to 1 per cent of mois- 
ture, In the Moscow Thermo-Technical Institute they always 
burned raw anthracite culm containing about 8 5 per cent of 
moisture and sometimes as much as 14 per cent without pre-drying 
but supplying the Atritor mill, manufactured by Messrs. Alfred 
Herbert & Co , with pre-heated air at the temperature of 150 to 
250”C. The elimination of a dryer simplified the plant and increased 
its efficiency. The fineness of grinding, according to his experimental 
tests, was sufficient when the remainder on a standard American 200 
sieve varied from 12 to 15 per cent High-speed centrifugal mills 
were not suitable owing to their rapid wear and tear. Finally, 
the efficiency of the furnace was about 88 per cent, as compared 
with 74 to 82 per cent of the Korean plant (T — ^=150”C.) 

Many of the papers contained suggestions as to the desirability 
of adopting international standards in power engineering. This 
showed once more that the time had now come to emphasise the 
necessity of forming a special International Standards Committee 
of the World Power Conference The Russian Delegation had laid 
^ a proposal before the International Executive Council, and he wished 
to emphasise once more the importance of this question, and to ask 
the World Power Conference to take the initiative in connection with 
preparing international standard specifications relating to all the 
main branches of power engineering. The increased scientific 
and industrial co-operation of different countries demanded 
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standardisation, unification and normalisation, and he hoped that 
the resolution which would be proposed by this section would be 
supported. 

Dr. Tom aides (Austria), speaking in German, suggested that 
international standards should only be agreed upon after each 
country had prepared a full list of all its available coals and the 
nature of those coals, which information should be sent to the 
Central Office of the World Power Conference. Rut it was first 
necessary, in order that comparison might be possible, that inter- 
national standards should be agreed upon for coal 
Mr Clarence A Seyler (Great Britain) said that the paper by 
Prof Stansfield illustrated the urgent need for some uniform system 
of classification, and raised many interesting questions, among them 
the meaning of the term “the rank” of a coal. In a general way we 
knew that this meant the degree of alteration of the original plant 
material, but how was this to be measured^ It would be seen 
from Prof Wheeler's paper how little agreement there was as to the 
causes and nature of this metamorphosis. The United States 
Geological Survey favoured a system based upon the volatile matter 
and certain physical properties, such as the tendency to disintegrate 
or slack, which were difficult to measure. Others suggested the 
amount of iiygroscopic water, or the sum of this and the volatile 
matter Careful examination of the coals of any region where we 
might assume progressive metamorphism in a definite direction, 
would throw light upon the problem Such a case was that of the 
coals of South Alberta, discussed by Prof Stansfield. Here the 
volatile matter or fuel ratio based upon it did not show as good a 
progression as the moisture. Unfortunately, the elementary 
composition was not given. There was no doubt that the amount 
of Iiygroscopic moisture was closely related to the rank of a fuel, 
especially if it could be made definite by exposure to air of a constant 
humidity, as was the practice of Prof. Stansfield. He would like 
to suggest, however, that the moisture should not be expressed as 
a percentage of the raw coal but as a percentage of the pure coal 
or organic material Prof. Wheeler had admirably discussed the 
inferences which might be drawn from the graphic treatment of the 
analytical data of coal by himself (the speaker), Ralston, Hickling 
and Parr. On a carbon hydrogen chart, coal formed a narrow band 
which showed the progress of alteration of rank. On such a diagram 
the volatile matter, calorific value, hygroscopic moisture and practi- 
cally every property of coal could be expressed by lines more or 
less regularly disposed, such as the isovols and isocals. Any property 
which varied continuously throughout the series, without serious 
overlapping from one class to another, would evidently be a good 
measure of rank. Such a feature appeared to him to be the amount 
of carbon. The carbon axis cut the coal band nearly at right angles 
to its direction over the whole scries as far as the semi-bituminous 
species. For coals of higher rank the hydrogen became more 
important. Prof. Ramzin had raised the objection of isomerism 
to all classifications based on elementary analysis and gave the 
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instance of the composition of sapromixite. The answer was that 
the classification applied only to coal, which was a rock of 
persistent physical and microscopic character. Sapromixite, he 
(the speaker) suggested, had not these characters and was, therefore, 
not coal. Further, the classification which he himself had suggested 
did not Ignore the volatile matter and caking properties of coal. 
It was, indeed, based upon the graphical proof of a close connection 
between these properties and the elementary composition. If 
sapromixite with 90 per cent, of volatile matter were placed on the 
diagram, one would conclude, rightly, that it was not a coal Time 
did not permit of adequate discussion on Prof. Wheeler's 
suggestions for a rational analysis of coal The general lines 
of these suggestions, however, were .sound, based as they were upon 
botanical considerations derived from micro.scopic study. Prof. 
Wheeler's work in conjunction with Dr Francis on the regeneratiotti 
of the ulmms by oxidation was one of the most important steps i^ 
coal chemistry which had been made during recent years. Concerning 
Mr Fieldner’s paper, he would say no more than that, by the, 
courtesy of his American friends, he had been able to collaborate 
with them in the very important work of trying to agree upon a 
uniform system of classification which was at present an urgent 
need, not onlv of the investigator but of the technical man, consumer 
and producer. He had been very struck by the fundamental agree- 
ment between his own classification, which was made in 1900, 
and the latest classification devised by Prof Parr in America. 
Considering that they started from very different angles the agree- 
ment was rather astonishing and seemed to him a hopeful augury 
for the possibility of securing a uniform classification It was to be 
hoped that other nations would take part in the discussion of this 
question, so that we might arrive at a real world-wide classification. 

SiK Albert Ktison (Gold ('oast), speaking with regard to the 
combustion and drying of coal, asked Mr Lewis whether there was 
much difference in the cliaracter of the air-drying of the Yallourn 
and the Morwcll brown coals In 'Victoria, Australia, there was 
undoubtedly the largest known deposit of brown coal in the world. 
Not very many years ago he was a.s.sociated with the Victorian 
Geological Survey and knew the Morwell brown coal deposits, 
which were proved by the Maryvale bore to have beds aggregating 
808 ft. in thickness in the total depth bored of 1,112 ft. That 
represented an enormous amount of coal of much greater value 
even than the great deposits of Germany, where there were deposits 
of over 300 ft. thick, for instance tho.se at Ichendorf, near Cologne. 
There were also large deposits in Bohemia and in Southern Nigeria, 
but those could not be discussed at the moment. What he wished 
^to point out was that the Victorian brown coal deposits were a 
most valuable as.set, and it was specially pleasing to know that they 
were being energetically developed for the production of electricity. 
There were other important deposits in Victoria, such as that at 
Altona, within 10 miles of Melbourne, where the bed had been 
proved to be 75 ft. in thickness, under a cap of basalt. This brown 
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coal bed extended westward across the Melbourne-Geelong railway, 
and eastward under Port Phillip. It promised to be a great asset 
in the future. Having examined the deposits at Ichendorf and 
near Halle, Germany, and seen other deposits in Bohemia, as well 
as those in Victoria, he was of the opinion that neither of the German 
coals mentioned was as good in quality as those of Morwcll and 
Altona In the Ichendorf deposits tlie coal contained a considerable 
amount of wood (remnants of trees), so that it had to be treated 
before it could be briquetted In these Victorian beds, on the other 
hand, the coal was homogeneous, a true brown coal, not a lignite. 
It was essential to recognise clearly the distinction between the two 
kinds. In Cologne he had seen a train of forty trucks, loaded with 
brown coal, drawn at a good speed by a locomotive using only brown 
coal as fuel. This was another example of the value of brown coal 
and the great asset the brown coals of Victoria would be when they 
were fully developed 

Prof Kamo (japan), speaking with regard to pulverised fuel, said 
that whilst anthracite with 5 or 6 per cent, moisture could be 
pulverised without drying, he doubted whether it was possible to 
burn it without any kindling mixture, however finely it be pulverised. 
It had been found from experiments m the Fuel Research Laboratory 
at Korea that anthracite coal containing only 3 to 4 per cent, volatile 
matter could be burned quite successfully when pulverised, if it were 
dried until the moisture contained was less than 1 per cent. With 
regard to semi-coke, a fact had been established since he had 
prepared his paper which might already be known, but it was new 
to him Burning Korean brown coal into a semi-coke by low 
temj:)erature carbonisation gave a product representing 55 per cent, 
or hO per cent of the original raw coal, and the calorific value of 
that semi-coke was 25 per cent higher, on the average, than that 
of the raw coal, and when it was used as a boiler fuel the evaporative 
capacity of this semi-coke was 40 to 50 per cent, higher that that 
of pulverised raw coal It was, therefore, believed that the installa- 
tion of low temperature carbonisation plant for this purpose would 
justify itself economically. The estimate of capital cost was £400 
to £450 per ton capacity of coal carbonised per day Low tempera- 
ture tar could produce a net income of about £2 10s. pier ton in 
Korea and there was a 1 0 per cent, tar yield from the coal Therefore, 
he suggested that the best way to utiiise that particular brown coal 
was to carbonise it first and use the semi-coke in a pulverised condi- 
tion for the generation of jiower. 

Mr. Wallace Thorneycroft (Great Britain), Vice-President, 
speaking on the question of classification from the commercial point 
of view, said it seemed to him that the representative from Sweden 
had neglected the fact that recognised brands of coal were exported 
not only from this country but from Germany and elsewhere to 
Sweden, and the users of these named brands had got to know a good 
deal about their characteristics. That was a form of classification that 
had been in practice for a large number of years, and when a quotation 
was given for a known brand it was recognised as having certain 
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properties which, however, might vary from time to time, although 
only to a very small extent. What was wanted, however, was a 
perfectly clear classification of the terms used in analysis and in 
the description of coals in order to avoid, as the Marquess of 
Reading had stated at the Banquet, people wasting a good deal of 
time arguing about certain matters only to find at the end that they 
were speaking about the same thing but using different terms. 

Mr H. Van Hettinga Tromp (Dutch East Indies), referring to 
the classification of coals, said that the term “bituminous coal" was 
at present used to cover a large number of varieties, which really 
contained only a very small percentage of bitumen, whereas varieties, 
as for example brown coal or lignite, which contained much more 
bitumen, were called sub-bituminous coal. It would be much nicure 
satisfactory, therefore, to grade bituminous coal into classes accord- 
ing to its gas content, caking power, brightness, etc , as was already 
done in many European countries When he was Manager of tfie 
Pelembang (South Sumatra) coal mines, he found he had to dea^l 
with a very large number of coals, all of which had originally been 
ordinary brown coal, but which had been transformed by the 
heat-action of intrusive igneous rock into all the different grades 
of bituminous coal, into anthracite and even coke, so there was 
perhaps no place on earth where on one spot the different character- 
istics of coals could have been studied better, and it was from his 
experience there that he had come to the conclusion that we are 
still a long way from having a rational classification of coals In 
the same way the general use of the word “ulmin" was misleading, 
because “ulmin" covered different kinds of constituents of the coal, 
all derived from the “lignine” substance of the original vegetable 
matter. It was preferable, therefore, to u.se the words “lignine 
compounds “ Anybody interested in this matter was recommended 
by the speaker to study the work by M. L. Crussard in the “Revue 
de rindastrie Minerale” of 1926 and 1927. 

In the “use” classification, the term “smithy'’ coal was used, 
but that was only good for the metallurgical industry, whilst “good 
steam coal” was equally applicable to railway coal, etc ; for these 
reasons, he thought the system put forward by the American Com- 
mittee was not logical. These anomalies demonstrated the need 
for some such action as that contemplated by the resolution which 
had been passed. 

A cordial vote of thanks was passed to the Chairman, Vice-Chair- 
man, authors of papers and speakers in the discussion. 

The following written communications are appended: — 

Mr. Wilfred Boyes (Great Britain) 

Classification of Coals 

As an ordinary member of the Conference who has closely followed 
the discussion of the session dealing with the above, I should like, 
if I may, to emphasise the plea to which reference was briefly made, 
namely— “That whatever may be done in this direction (and we 
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sincerely hope that something tangible may be achieved), such 
standardisation or classification, whether national or international, 
should not err too greatly on the technical side, but should be ex- 
pressed in terms which are capable of comprehension by the reason- 
ably efficient and interested commercial mind ” 

The fact must not be overlooked that the actual selling and buying 
(for the economical operation of which such classification is being 
proposed), rests with the commercial departments, and any abstruse 
technical basis winch might bt* agrec'd upon would make “confusion 
worse confounded “ 

Tn the selling of coal there is no doubt that ('olhery companies 
are very much behind in their methods coinjiared witli those of 
other staple trades; very few (ollieries can turinsli reliable and 
authoritative analyses of the fuels th(‘v are offering, and it is bi'ing 
left to the more up-to-date and progressive merchants to take a 
lead in that direction. 

Having some experience in assisting the buyer of a large industrial 
concern, possessing many works sjiread over a wide area in the 
North of England, I know how (omplex a job it is when fixing 
period contracts to make an efficient sidection of coals most suitable 
and economical to the re.spective boiler plants. He may be guided 
very fully by the jilant engineers as to the most suitable fypes of coal, 
and he may have at his disposal many results of tests carried out 
both in the laboratory and on special test boilers, but he has also 
to consider tenders for many other coals about which little, if 
any, information is available. 

Such tenders may appear very attractive from a price point of 
view, but owing to lack of data, he does not know whether value 
for money would be forthcoming. 

Particularly does this apply to spot lots of coal offered on the markets 
and which are, as a rule, subject to immediate acceptance; again, 
such offers often have to be declined, as the buyer does not care to 
take the heavy risk involved. 

The buyer is also limited to a great extent to such factors as 
continuity of supply m reasonable quantities, also the necessity 
of keeping in mind the freightage and handling costs which average, 
at any rate in this country, a figure ajiproximating 60 to 70 per cent, 
of the pit-head price of industrial coal, and he is, therefore, bound 
to find a source of supply as near as possible to the boiler plants 

T trust that I have not unduly laboured the point in question, 
but hope that it may receive the consideration which it merits, 
as only in this way can any system of standardisation or classifi- 
cation thus help to bring about the economies in coal consumption 
which, I think, is the greatest result hoping to be achieved by the 
Conference. 


Tieut.-Col. F. T. Leslie Ditmas (Great Britain) 

The Use of Fuel in the N etherlands 
(Paper A\b) 

In 1913 the output of coal in the Netherlands amounted to 
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1,842,976 tons. The extent of the Limbourg coalfield was well- 
known, but as the Netherlands were the dumping ground of coals 
from Great l^>ritain and Germany, tlie price of coal was a com- 
petitive, and therefore low one. The need for developing the home 
industry was not apparent. Suddenly the war came, and supplies 
from liotli sources were curtailed The Dutch as a practical peopile 
at once set about the sinking of shafts on the State and private 
pro])erty. 

Witli tlie lioiue ]n'oduction of over 8,500,000 tons per annum less 
coal is imported from both (ireat 1 Jritain and Gerrnanv Tt has come 
as an unpleasant shock to the Ilritish miner that, notwithstanding 
th(‘ low jirice of coal, there is not the same Continental demand for it. 
I'he scr(‘ening of Ih itish coal for export has macK' enormous progress 
during the jiast five years, and in this respect as W('ll as in thatlof 
([noting th(' chemical analy.sis, the Dutch (xin no longer complain 
against the lirilish coal exporter as was formerly their custom. \ 
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(A) PROBEENTNAHME. — In Ocstcrreich haben die in dcr Gcsell- 
schaft fiir Warmcwirtschaft Wien (Arbcitsausschuss fur feste 
Brennstoffc) liber Entnahme, Behandlung und Vcrpackung von 
Kohlenproben fur chcmisch-tcchnische Untersuchungen abgchal- * 
tenen Beratungen zu folgendcn Festlegungcn gefuhrt 

Allgemeines . — Ein zutreffendcs Urteil fiber eine Kohlenlieferung 
ist nur clurch Analyse (Heizwertbestiinmung u.s.w.) einer Durch- 
schnittsprobc zu erlangen. Die Fehler, welche aus unrichtiger 
Probenahme entstehen kdnncn, sind viel grosser als die Ungenauig- 
keiten einer technischen Analyse. Eine richtig hcrgestelltc Probe 
muss cin Durchschnittsmuster der ganzen Lieferung sein. Da 
verschieden grosse Kohlenstiicke in der Regel vcrschiedencn Asche- 
und Wassergehalthaben,muss die Probe alle Korngrbssen annahernd 
im gleichen Verhaltnisse aufweiscn wie die Gesamtmenge. Die 
Analyse eines einzelnen Kohlenstnckes ist fur die Beurteilung einer 
Lieferung nicht massgebend. 

Die Herstellung einer richtigen Kohlenprobe unifasst folgende 
Vorgange: 

(1) Die Entnahme der Probe. 

(2) Die Behandlung der Probe (Einengung auf die im Laboratorium 

gebrauchte Menge). 

(3) Ihre Verpackung und Versendung. 

(I.) Entnahme der Probe. — Am sichersten gelingt die Entnahme 
einer richtigen Durchschnittsprobe von einer in Bewegung befind- 
lichen Lieferung (beim Auf- oder Abladen, Umladen). 
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(1) Bei Versand wird beispielsweise wahrend des Ablassens aus 
der Rutsche in regelmassigen Zeitabstanden mittels Schaufel so viel 
entnommcn, dass bei einer Gesamtmenge bis 1 000 kg etwa 10 bis 
20 kg, bei einer Gesamtmenge bis 10 000 kg (Eisenbahnwagen) etwa 
50 kg und bei grdsseren Mengen von ]edem Eisenbahnwagen etwa 
50 kg als Probe erhalten werden. Es sollen moglichst viele Ein- 
heiten (Schaufel, Schubkarren, Korb u.s.w.), mindestens aber deren 
10 entnommen werden. Die Probe darf nicht etwa nur die grossten 
Oder kleinsten Stiicke enthaltcn, je ungleichmassiger die Kom- 
grosse der Gesamtmenge, um so grosser ist im allgemeinen die 
erforderliche Probemenge. 

(2) Ist Kohlc einheitlichcn ITrsprunges in bewegten klein^ren 
Einheiten verladcn (Grubenwagen, Hangebahngefasse u.sw.),\so 
sind in regelmassigen Abstanden ganze Ladungen als Probe ,zu 
entnehmen Nur wenn die zu geringe Zahl der Emhciten es nicht 
erlaubt, ganze Wagenladungen zu entnehmen, soli von jeder 
Einheit ein Teil der Ladung entnommen werden. 

(3) Aus lagernder Kohle, welche nicht abgezogen werden kann, ist 
je erne gleiche Gewichtsmenge so zu entnehmen, dass die Entnah- 
mestellen gleichmassig auf der Oberflache und im Innern des Lagers 
verteilt sind. Hiebei ist die Form des Haufens zu beriicksichtigen; 
z.B sind bei kegelformigen Haufen aus dem Unterteil entsprechend 
mehr Einheiten zu entnehmen, als aus dem Oberteil Das Schaufeln 
eiries Schlitzes durch den ganzen Haufen und die Verwendung des 
so gewonnenen Materials fiir die Probe ergibt in diesem Falle noch 
den richtigsten Durchschnitt. 

Im allgemeinen ist cine verlassliche Probeentnahme aus lagcrndem 
Material sehr schwierig; es muss dabei alien jeweils in Betracht 
kommendtn l^mstanden Aufmerksamkeit zugewendet werden 
Eine einwandfreie Probeentnahme aus einem geschl< er 
Speicher, welcher nicht entlcert werden kann, ist undurchful V i 
(II ) Bchandlun^ der Probe — (1) Die fur den Versand best' 
Probemenge soli fur chemische Untersuchungen mindestem 
betragen, bei technisch-industriellen Proben (Verschwelung) sind, 
je nach dem anzuwendenden Verfahren, grdssere Mengen, auch 
bis zu 100 kg, notwendig. 

(2) Die Einengung der Menge, wclchc nach einer der im Abschnitt 
I erwahnten Arten gewonnen wurde, auf die fiir den Versand 
bestimmte Menge geschieht am besten nach dem Diagonalverfahren. 
Man schiittet die Probe auf einen cbenen, reinen Boden, schaufelt 
die Kohle durcheinander, zerkleinert die grossen Stiicke und bildet 
eine gleichmassige Schicht. Sodann zerteilt man mittels eines 
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Brettes den Haufen in vierannahemdgleiche Teile,deren Trennungs- 
linien aufeinander senkrecht stehcn mnd entfernt von den so erhal- 
tenen vier Teilen zwei gegenuberliegcnde Teile. Die ubrigbleibcnde 
Kohle wird nach weitercr Zerkleincrung neuerlich durcheinancler- 
geschaufclt und noch einmal in Form eines Haufens gcbracht, welcher 
wieder in gleicher Weise getcilt wird. Dieser Vorgang wird solange 
fortgesetzt, bis die fur den Versand bestimmte Mengc ubrigl)leibt. 
Das Material ist auch wiihrend dieser Rehandlung so wcit zu zer- 
kleincrn, dass die Teilung der Haufen kcine Schwicrigkciten macht. 



Zerkleinern des Probemateriala 


I 

D urcheinanderschaurrln 



Ausbreiten und Tcikn 



Docndete Vicrtcilung 


EntTerncn zwcicr grgenUber 
liegcndcr Teile 


Neuerliches Zerkleinern 
(Wiederholung von 1—5). 


(3) Die Entnahmc der Probe und ihrc Einengung soil mit Ruck- 
sicht auf den sich iindcrnden Feuchtigkeitsgchalt der Kolile so 
rasch als moglich durcligefiihrt werden. Eine Unterbrcchung der 
Arbeit und ctwaiges TJegenlassen der Kohle ist nicht zulassig. 

Bei Sonderprobcn fiir Feuchtigkcitbestimmung ist noch vor der 
Einengung der entnommencn Probemcnge ein Teil dersclben von 
moglichst durchschnittlicher Beschaffenheit in ein besonderes, 
dichtes Gcfass zu verschlicssen. Zur sonstigen Bcurteilung der 
Kohle ist ausser der eigentlichcn Probe noch die Einsendung einiger 
ganzer, getrcnnt verpackter Kohlcnstiicke wiinschenswert. 

(III.) Vcrpackiing der Probe — (1) In wichtigen Fallen empfiehlt 
es sich, die fiir die Analy.se bestimmte Probe in drei Gleichstiicken 
anzufertigen u.zw : 

[а) fiir das Labor a tor ium, 

(б) fiir den Abnehmer, 

(c) fiir den Liefer an ten. 

Die Proben sind in dichtschliessende Gefasse aus Glas oder Blech 
zu fiillen. Holzkisten sind nur zulassig, 1. wenn die Feuchtigkeit 
der Kohle nicht massgebend ist, bezw. wenn eine besondere 
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Feuchtigkeitsprobe genommen wurde, und 2. wenn atmospharischQ 
Einfliisse die Kohlc erfahrungsgemass nicht verandern. 

Verpackung in Papier oder Karton ist in alien Fallen zu vermeiden. 

(2) Die Probengefasse sind luftdicht zu verschliessen, Blechdosen 
sind zu vcrldten; auch sogenannte Klemmdeckeldosen sind gut 
verwendbar Glasgefasse sind womoglich mit gut eingeriebencm 
Glasstojifcn zu verschliessen. Wird paraffinierter Kork verwendet, 
so durfen die Proben nicht mit Paraffin verunreinigt werden. Roller 
oder stark porbser Kork geniigt nicht. 

(3) Die versandbereiten l^ehalter sind bci kleinen Proben mdglichst 

geiiau auf Gramm abzuvviegcn; das Gewicht ist deutlich auf der 
Verpackung zu vermerken. l^ei Versand in Holzkisten odeir in 
andeien nicht luftdirhteii Behaltern ist die Abwage besonejers 
withlig. \ 

(4) Die Piobcn sind aussen mit einem verlasslich befestigt^n 
Erkennungszeiclien (Jlczeichnung der Kohle, Tag der Probeent- 
nahme soviie Probenummer) zu vcr.sehen Ein gegen Unkenntlich- 
machung gescluitzter Zcttel mit den gleichen Angaben ist auch in 
die Probebeh idler liineinzulegen. 

(I’>) Un'J J Ksuc HUNG. — Bezuglicli dcr IJntcrsuchung von Kohle 
stehl man in Oeslerreich einer Ausgestaltung der Melhoden zur 
Eizielung einer rniigliclist weilgehenclen Vergleichbarkeit der 
Dntersucliungsergebnisse verschiedener Laboratorien mit grossem 
Interesse gegenuber Die (ichell.schalt fur Wamiewirt^chaft steht 
bezughc'h dieser Frage mit verschiedenen auslandischen Kbrper- 
schaften in hautiger Flihlung. 

Zur Oneiitierung uber gegenwartig ubliche Untersuchungs- 
niethodcn sollen im Nachstehendeii bcispielswcise diejenigen 
Methoden angefuhrt weiden, welche bei dcr Versuchsanstalt fiir 
Brennstoffe an der Technischcn ?Ioch.schulc in Wien in der Kegel 
verwendet werden. 

Die Tmmediatanalyse umfa.sst die Bestimmung von Feuchtigkeit, 
Asche, Reinkoks und fluchtiger Substanz, woraus rechnerisch die 
Kohkoksmenge, die Reinkohlenmengc, der Aschengehalt des 
Rchkokses und der Reinkoksgehalt der Kcinkohle bestimmt werden 
konnen. Bishcr wurde dcr Feuchtigkcitsgehalt der lufttrocken 
zur Untersuebung gelangcnden Kohle durch Erwarmen der Kohle 
wahrend einer Stunde auf 106°-110°C rein empirisch ermittelt. 
Wie jedoch die neueren Untersuchungen ergaben,^ besitzt diese 
Methode, besonders bei leicht oxydablen Brennstoffen , mancherlei 

^ “Brennstoffehemie/' Jahrgang 1927 und 1928. 
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Fehler, weshalb auch an dem genannten osterr. Institut auf die 
Bestimmung des Wassergehaltes mit Hilfe von Xylol iibergegangen 
wird. 

An die in dem Tiegel mit 1 gr Probe ausgefiihrte Feuchtigkeits- 
bestimmung kann glcich die Verkokungsprobe angeschlossen werden. 
In friiheren Jahren wurde wenig Aufmerksamkeit auf die Tem- 
peratur bci der Verkokung verwendet und cbenso auch auf das 
Tiegelmaterial. Erst nacli den Untersuchuiigen von S t r a c h e 
und M i k a^ wurde nur Platin bei der Verkokungsprobe fur Stein- 
kohlc verwendet und die Verkokung selbst bei 900°C 7 Minuten 
lang durchgefiihrt. Braunkohlen werden im Rose-Ticgel im 
Leuchtgasstrom verkokt und der Tiegel darin auch erkalten gelassen. 
Aus der Differenz zwischcn dem Gewichtsverlust der gctrockneten 
Probe und dem dcr verkokten Probe ergibt sich der Gehalt an 
fluchtiger Substanz. Stellt man nun die Tiegel schrag auf cin 
Gliihdreieck iiber einc Flamme, so verbrennt dcr Reinkoks und es 
bleibt nur die Asche zuriick, welche direkt ausgewogen werden kann. 

Fur die Bestimmung des Blahungsgrades des Kokses stehen dem 
genannten osterr. Institut 2 Methoden zur Vcrfiigimg und zwar. 

Entwcder die altere nach L a n t,® welche darauf beruht. den 
Kokskuchen nach Wagung zu paraffinieren und unter Wasser zu 
stecken und aus dem Volumen der Wasserverdranguug das Roh- 
koksvolumen zu crmitteln. Einfacher gclangt. man nach D o 1 c h 
zum Zicl, wenn man den Rohkokskuchen in dem von D o 1 c h 
angegebenen pyknometcrartigen Gefass^ mit Schrott uberschiittet 
und so indirckt das Schrott volumen feststellt. 

Dcr Aschenschmelzpunkt wird je nach Verwendungszweck der 
Kohlc in oxydierender odcr reduzierender Atmosphare ausgefuhrt. 
Bei Durchfuhrung der Bestimmung in oxydierender Atmosphare 
bringt man auf ein elektrisch aufheizbares Platinstreifchen einige 
Kornchen Kohlenasche und beobachtet mit einem Mikroskop unter 
gleichzcitiger Steigerung der Temperatur des Platinstreifchens, 
wann cin Nicderschmelzen der Asche stattftndet 1st dieser 
Zustand errcicht, so stellt man mit einem Hohlborn-Kurlbaum- 
Pyrometer die Temperatur des Platinstreifens fest. Um die 
Bestimmung in reduzierender Atmosphare auszufuhren, wendet 
man einen elektrischen Rdhrenofen an, dessen Heizdraht aus 
Molybdan besteht. Das Einschubrohr des Ofens, welches den 
pyramidal geformten Aschenkegcl von 15-20 mm Hohe enthalt, 

* Zeitschrift "Gas- und VVa.sserfach,” Jahrgang 1926, Seite 1. 

* Zeitschntt “Brennstofichemie," Jahrgang 1922, Seite 97 

* Zeitschrift "Brennstofichemie," Jahrgang 1926, Seite 7, 69. 
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kann mit irgendeinem reduzierenden Gas gefiillt werden. Ein 
Mikroskop oder auch eine stiirkere Lupe gestattet die Bcobachtung 
des Niederschmelzens des Kegels; mit Hilfc eines Chatclier-Pyro- 
meters, dessen Warmlotstelle sich in der Nahe des Kegels befindet, 
wild die Temperatur des Schmelzpunktes der Asche ermittelt. 

Die Heizwertbestimmung von fasten Brennstoffen crfolgt nach der 
Methodc von Berthelot-Mahler in einer Bombe aus nicht 
rostendem Stahl, die zufolge der weiten Verbreitung, die diese 
Methode besonders in Europa zu verzeichnen hat, nicht naher 
beschrieben zu werden braucht. Fur die Bestimmung von Gaisen 
und leichter fluchtigen Flussigkeiten, z.B, Benzinen, wird zwCek- 
massiger Weise das J u n k e r ’sche Kalorimeter verwendet. AiS^ch 
hier eriibrigt sich eine genaue Bcschreibung des Apparates. \ 
Die Reihrehenentgasung dient zur einfachen Ermittlung dier 
Gashcizwertzahl und der Gas- und Teermcnge eines fasten Bren^- 
stoffes. Als Einwage nimmt man ctwa 0,2 gr, entgast in dem von 
Hiller beschrieben en Rbhrchen^ und sammelt das so erhaltene 
Destillationsgas in einer H e m p e 1 ’schen Burette durch Reduk- 
tion des Gasvolumcns, dessen Menge auf 0° 760 mm berechnet war- 
den kann. Der Heizwert des so erhaltcncn Destillationsgases wird 
zweekmassigerweise in einem Kaloriskop nach Strache- 
L 6 f f 1 e r ermittelt. Sollcn grbssere Kohlenmengcn verarbeitet 
werden, so bedient man sich der Fischer 'schen Schwclanalyse® 
und fuhrt die Bestimmung in der von ihm angegebenen Aluminium- 
Schwelretorte aus. Je nach Grbsse der angewendeten Retorte 
nimmt man 20-50 gr Einwage. Die Gasmenge wird in einem 
kleinen Laboratoriums-Ciasbehalter gesammelt. Der Tcer wird mit 
dem Wasser zusammen bestimmt und dann das Wasser fiir sich 
nach der Xylol-Methode. Die nach dieser Methode erhaltene 
Gasmenge kann nahehegender Wcise wieder auf 0° 760 mm umge- 
rechnet werden Die Schwelanalyse gestattet ausserdem noch 
direkte Untcrsuchung des erhaltenen Schwelgases in Bezug auf die 
chemische Zusammensetzung und das Litergewicht. 

Kohlenstoff und Wasserstoff werden gemeinsam durch Verbren- 
nung im beiderseits offenen, mit Kupferoxyd gcfullten Quarz- 
Rohr im Sauerstoffstrom bestimmt. Zur Beheizung des Rohres 
dient ein Gasofen nach Frerich-Normann oder ein elek- 
trischer Rohrenofen. Zum Zuriickhalten der Schwefel- und Stick- 
stoff-Verbindungen der Kohle dient ein auf 180° erwarmtes 

■ Zeitschrift des Vereins dsterr. Gas- u. Wasserfachmanner, Jahrgang 1915, 
Heft 15. 

• Zeitschrift fiir angewandte Chemie, Jahrgang 1920, Seite 172. 
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Blei-Superoxyd. Die Bestimmungenwerden mit etwa 0,2 gr Substanz 
im Sauerstoffstrom ausgefiihrt und die Absorptionsgefasse, das 
Chlorkalcium-Rohrchen und das Natronkalk-Rohrchen, welch 
letzteres bekanntermassen zu einem Sechstel des Volumens an der 
Ausgangsseite mit Chlorkalcium gefullt ist und dem noch ein 
Kontrollrohr angeschlossen ist, warden stets mit Sauerstoff gefullt 
gewogen. Die Stickstoffbestimmung wird auf Grund der mannig- 
fachen Untcrsuchungen, welche den Nachweis erbrachten, dass die 
Kjeldahl - Methode nur einen Teil des in der Kohle enthaltenen 
Stickstoffes zu bestimmen gestattet, wahrend der Rest verloren 
geht, nach Dumas undLambris^ bestimmt. Die letztge- 
nannte Methode beruht im Prinzip darauf, dass in das von einem 
massigen Kohlensaurestrom durchflossene Rohr gleichzeitig auch 
reiner chcmisch hergestellter Sauerstoff emgeleitet wird, dessen 
Menge so begrenzt wird, dass sie gerade hinreiclit, die im Schiffehen 
vorhandene Substanz ganz zu verbrennen Im ubrigen ist das 
Rohr in der gleichen Weise wie nach Dumas mit Kupferoxyd 
und am Ausgangsende mit einer blanken Kupferspiralc beschickt. 

Der Schwefel der Kohle wird in zwei Bestimmungen ermittelt und 
zwar; cinmal nur der verbrennliche Schwefel im Sauerstoffstrom 
nach Lant, jcdoch unter Anwendung eines einseitig bajonett- 
fdrmig ausgezogenen Quarzrohres. Weiters werden als Absorp- 
tionsgefasse nur mehr die Friedrichs 'schen Schraubenwasch- 
flaschen,** welche mit Brom-Natron-Lauge oder mit ammoniakali- 
schem Wasserstoffsuperoxyd als Absorptions-Fliissigkeit beschickt 
sein konnen, verwendet. In einer separaten Probe wird der Aschen- 
schwefel durch vorhergehendes Vcraschen von etwa 2-3 gr Kohle, 
jc nach Schwefelgehalt der Kohle, durch 10 Minuten langes Aus- 
kochen der feingepulverten Asche in 10%-iger Sodaldsung, der man 
noch etwas Brom zusetzen kann, bestimmt. Nach dem Ansauern 
mit Salzsaure und Filtrieren der Sodaldsung kann man, wie ublich, 
mit Barium-Chlorid Aschenschwefel im Filter bestimmen. 

Die noch ubrigen in der Versuchsanstalt fiir Brennstoffe in Wien 
ausgefuhrten Untersuchungsmethoden sind nicht einheitlich fest- 
gelegt, da deren Ausfuhrung sehr wesentlich von der Art des unter- 
suchten Materials abhangig ist. 

Die heute so wichtige Bestimmung der Reaktionsfahigkeit des 
Kokses ist noch zu wenig einheitlich festgelegt, als dass einc rich- 
tungsgebende Methode angegeben werden konnte. Vom Stand- 
punkte der Gaserzeugung in Generatoren bei Verwendung von 

^ Zeitschnft “Brennstoflchemie,'' Jahrgang 1927, Seite I. 

■ der Firma Greiner & Friedrichs. Stutzerbach, Tliiiringen. 
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Koks als Ausgangsmaterial empfiehlt es sich die von Korevaar® 
abgeanderte Kopper 'schc Methode anzuwenden. ^Die Aufar- 
beitung dcs Teeres wird entweder nach der Destillations-Methode, 
Oder auf chemischen Wege unter Ausnutzung des Vcrhaltens der 
einzclncn Komponenten gegen Pctrolather, Siiure und Lauge 
vorgenommen. 

RESUM K 

(specially prepaued) 

The regulations discussed in this paper have been adopted in Austria as the 
result of investigations by the "Society for Fuel Economy,” Vienna 

The errors, due to wrong methods of selection of coal samples, are consider- 
ably greater than the irregularities in technical analysis. To obtain an 
average sample, a number of pieces of varying size, in proportion to th^r 
occurrence in the coal to be tested, must be taken, as usually the ash an«^ 
moisture content varies with the size of the coal 

The preparation of a test sample requires three operations — '' 

(1) Selection. '' 

(2) Preparation of the actual quantity required for the laboratory test. 

(3) Packing and despatch 

The surest method of selection is carried out during loading operations; a 
shovelful can be taken at regular intervals whilst the coal is travelling down 
the chute. I'or a total quantity of 1,000 Kg about 10 or 20 Kg should be 
withdrawn. For 10,000 Kg. (one railtriick), about 50 Kg.; for larger quanti- 
ties 50 Kg. per railtriick Eargcr samples are required if the size of the coal 
varies much 

If the coal is loaded in small tubs or other containers, whole tub loads must 
be selected at regular intervals To get an average selection from stored coal 
IS rather difficult, as it is essential that samples should be taken from the 
centre and bottom as well as the surface of the dump. For chemical analysis 
at least 3 Kg are required, but as much as 100 Kg. may be necessary for 
technical industrial tests. 

The preparation of the laboratory sample is best done on a smooth clean 
floor. The larger pieces arc crushed and the whole well mixed. After 
dividing diagonally into four equal parts, two opposite piles are removed. 
This process is continued until the required quantity is left Delay in carry- 
ing out this operation must be avoided to preserve the moisture content. 
For special moisture tests a little of the coal should be enclosed in an airtight 
container before the preparation of the laboratory sample is commenced. A 
few unbroken pieces also may be sent under separate cover. It is advisable 
to prepare three equal samples in important cases, one each for the laboratory, 
the consumer and the supplier. They must be packed in airtight glass or tin 
containers, wooden cases should only be used in those instances where the 
njoisture content is considered of little importance and where it is known that 
atmospherical influences will not impair the composition of the coal. Paper 
or cardboard should not be used. Tin boxes should be soldered, while putty 
may serve to keep the glass containers airtight. If cork soaked in paraffin 
is used, care must be taken not to soil the sample with the paraffin. All 

• Sammlung Kohle-Koks-Teer, Band 14, Verlag Wilh. Knapp, Haile a.d.S. 
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packages should be marked with their accurate weight (in grammes). The 
date of selection, a description and number of the sample must be recorded 
in and outside the package. 

To give an example of the methods of analysis at present in use, those 
employed in the laboratories of the Technical University, Vienna, are con- 
sidered The moisture content was formerly determined by heating the coal 
for one hour at a temperature of 106" to 110°C The latest experiments, 
however, have shown. ^ principally with fuels of an oxidisible nature, that this 
method is unsatisfactory For this reason the xylol is employed for 
determination of the moisture content at this Institute The coking test 
can be carried out in connection with the moisture test (I gramme) Formerly 
little attention was paid to the crucible and temperature used in coking. 
Experiments by Strache and Mika have led to the general use of platinum 
crucibles for the coking test of hard coal, the temperature is kept at 900"C. 
for seven minutes Tirown coals are carbonised in a Rose crucible by the 
application of a gas flame. The loss of weight during carbonisation represents 
the amount of volatile substance present The coke is then burnt by tilting 
the crucible over a flame and the remaining ash weighed 
Two methods are available for the determination of porosity The older 
one, by Laiit, is to treat the cake of coke with paraffin, and by submerging it 
in water determine the coke-volume from the displacement. A simpler 
method, by Uolch, is to place the cake in a pyknomcter-likc container (as 
referred to by Uolch in “Brcnnstoffchemie" 1922, p 97) cover it with shot 
and so determine the volume indirectly 
The melting point ot the ash is determined either in an oxidising or reducing 
atmosphere For the first method a few grains of ash are placed on an elec- 
trically heated platinum strip and kept under observation with the aid of a 
microscope while the temperature is raised until the ash melts At tins stage 
the temperature of the platinum strip is taken with a Tlohlborn- Kurlbaum- 
pyrometcr. For the second method, an electric tube furnace is required, the 
heating wire of which is of molybdenum The tube containing tlie pyrainidi- 
cal piece of ash of 15 to 20 mm. height, can be filled witli any reducing gas 
The melting is watched with the assistance of a microscope and the tempera- 
ture deterinmed with a Chatelier pyrometer. 

The calonhc value is obtained by the well-known Berthelot-Mahler process 
in a stainless steel bomb. I’or very volatile substances, such as benzin 
and gases, a Junker’s calorimeter is used 
For the gasification test, about 0-2 gr are placed in a tube, described by 
Hiller^ and the quantity of gas, collected in a Hempel-burette, is calculated 
to 0®C. and 760 mm. The calorific value of the gas obtained is best deter- 
mined in a Strachc-Loffler caloriscopc. If larger quantities are to be handled, 
about 20 to 50 gr. are tested m an aluminium retort as described by Fischer,® 
the gELS being collected in a small gasholder. Tar and water are determined 
together and then the water separately by the xylol method. The amount 
of gas obtained is calculated at 0°C., 760 mm. This method of analysis per- 
mits direct investigation of the chemical composition and density of the gas. 
Carbon and hydrogen, are determined at the same time by the combustion 

* "Brennstoffehemie," 1927-1928. 

® Zeitschr. d. Vereins dsterr. Gas- u. Wasserfachmanner, 1915, No 15. 

® Zeitschr. fiir angewandte Chemie, 1920, p. 172. 
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of about 0-2 gr. in a tube, filled with copper oxide, through which a current 
of'oxygen is passed. A Frcrich-Normann gas stove or an electric tube heater 
can be used. Lead oxide heated to 180*^, is used to retain the sulphur and 
nitrogen compounds. The test is earned out m a current of oxygen and both 
absorption tubes, the calcium chlonde and soda-lime tubes, are always weighed, 
filled with oxygen. It is well known that the latter should be filled at the 
outlet to one-sixth of its volume with calcium chlonde. 

As the. Kjoldahl method determines only part of the nitrogen content, the 
method described by Dumas and T.ambris* is employed, a current of chemically 
pure oxygen being passed through the tube at the same time as carbon dioxide, 
the quantity of oxygen being just sufficient to effect the complete combustion 
of the substance. The tube contains copper oxide and a copper spiral at the 
outlet 

For the determination of sulphur, two tests are made. The first obtains 
combustible sulphur with tlie aid of a bajonette-shaped quartz tube. Fried- 
richs' wash bottles® filled with sodium bromide solution or ammoniated 
hydrogen peroxide, are used for the absorption For the second test the asli 
of 2 to 3 gr coal is powdered and boiled for ten minutes in a 10 per cent.^ 
solution ol soda, to which a little bromide may be added; the solution is \ 
acidified with hydrochloric acid and filtered. The sulphur content of the ash 
may then be determined in the filtrate witli the aid of barium chloride 

Other methods in use at this Institute are not standardised as their applica- 
tion varies with the nature of the material to be tested. 

No definite methods arc yet available for the determination of the rcjictivity 
of coke. For the manulacture ol producer gas from coke, Kopper's method, 
amended by Korevaar, is advisable The tar can be either subjected to 
distillation or chemical action with the aid of petroleum ether, acids and 
solutions. 


* "Brennstofichemie,'' 1927, p. 1. 

• Fa. Greiner & Friedrichs, Stutzerbach, Thuringen, 
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( ON'IEN'IS 

STANDARD VALUE POR THE CALORIFIC VALUE OF THE COAL 
USED ON nil- POLISH RAILWAYS 
RESUME 


The calorific value of the coal used on the railways varies over a 
very wide range, and, for this reason, figures relative to coal con- 
sumption are useless for purposes of comparison, unless certain 
adjustments are made and certain factors are introduced. This 
is particularly true with regard lo the comparison of tlie coal 
consumption in various countries 

Similarly, the variation m the calorific value of the coal renders 
it difficult to compare the coal consumption with the service 
rendered by and ttie evaporation realised m the locomotives, though 
a knowledge of tliese is of considerable importance when the 
question of fiNing and calculating coal prices arises 

It has, therefore, become necessary to introduce the conception 
of a hypothetical "standard coal" of a definite calorific vidue. 
I am recommending as a standard, a coal with an effective 
calorific value of 6,320 Calories per kilogramme, since this figure is 
not only representative of the average calorific value of the coal 
used, but possesses, in addition, the advantage that it simplifies 
calculations according to a decimal system if the total heat of steam 
be assumed to be 632 Calories and the equivalent factor per horse- 
power-hour be also taken as 632 Calories. 

If the calorific value be denoted by K Calories per kilogramme, 
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the heat content of the steam by P Calories per kilogramme, and the 
percentage efficiency of the boiler by E%, then the evaporation (A) 
is expressed in terms of the formula 


k = 


K K 
100 V 


kilogrammes of steam per kilogramme of coal. 


If the ratio ^ be ten, then k = ^ . 

P 10 

If the best ])ossible efficiency of the boiler realisable by complete 
combustion of the combustible portion of the fuel be expressed as a 
function of the rate of firing by use of one of the numerous appro.xi- 
mate formulae which have been proposed, for instance, by thp 
formula \ 

A' = 80 -()-04 /;. \ 

where }> represents I lie (piaiitity of coal burnt in kilogrammes per 
square metre of grate area per hour m terms of "standard coal” 
(f),320 Calories), there is obtained the following approximate 
formula for the evaporation under the same conditions and as a 
function of the rate of tiring 
A- = 8 - - 0 004 b. 


In the sauu‘ way, when the value of k is fixed, the rate of firing 
(b) and the (‘tliciency of the boiler can readily be calculated 

In like manner, the following calculations are facilitated; 

(1) The ellicuuicy of the engine when the consumption per 

horsi'-power-hour is known, and vuc versa 

(2) The evay)orativ(‘ value of th(‘ c oal whcui the efficiency of the 

boiler is known and vice versa 

(3) The (oii^umption oi coal })er horse-power-houi Iroin the 

known ethciency of the unit and vice versa. 


Ri'si ml 

JCn au\ diilcrciites valciiTs calnnliqucs dos houdles iildisccs pni les 

I'luMiuiLs dc ter, les K^sultals ]nil)lii's n-lalils an iCMideineiil de la lioiidle doiven't 
.subire nil toin-ilion ]>ar rintrodiiclioii de (oellmenls tenant cfiinyde des 
honilles de ditleriMiles (]naliles J’oiir eviler cette eorreetjon, I’antent jirnyiosc 
(i'lnl rodnire nni' emn ejihoii ile la “houdle norinale.” t oi resjxnidant it ()320 
C\il/kyy, e(‘ (]ni leyiuiul a la qiialili' inoyemie de la liondle id en nieiiie temps 
taeiliti' le i.dt nl de heancniq) de eDetlicients i araetenst iijiies 
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CONTENTS 
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CONCLUSION— RESUME 

Pour apprecier les combustibles solides en fait de leur teneur en 
matieres volatiles, on peut se servir ou d'une mcthode de cok^- 
f action a liaute temperature ou bien d’essais executes a de basses 
temperatures. Dans le cas de lignites et de houilles seches, cette 
deuxieme methode peut devenir preferable, pour la raison quelle 
correspond plut(3t aux conditions de leur utilisation. 

Dans ses etudes sur le bilan materiel de la carbonisation et sur la 
classification des charbons, 1’ auteur a ete conduit a chercher une 
methode de dosage des matieres volatiles a de basses temperatures 
qui, etant simple a executer, n’en scrait pas moms exacte. On est 
arrive enfin a une methode bien satisfaisante, dont le principe 
consiste en I’emploi d’un bain de soufre bouillant. Le point 
d’ebullition du soufre etant une constante (444°C.), on obtient des 
rcsultats tres bien comparables. Cette temperature est encore assez 
41evce pour demontrer les differences dans la composition chimique 
et dans I'allure des combustibles dune maniere bien prononcce. 
On peut m^me soutemr que les diversites dans la nature chimique 
des charbons deviennent moins evidentes si la carbonisation est 
executee a une tempeTature plus elevee. 
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L’appareil employe a I'exccution de cctte mdthode (Fig. 1) est aussi 
simple que possible. Le bain de soufre consiste en une eprouvette 
de verre a parois mince, ayant 25 mm. de diametre. En vue de 
proteger les parois contre Taction directe de la flamme, on fixe a la 



partic mferieure de Teprouvettc une plaque d’amiante. L'onfice 
de Teprouvettc est couvcrt d’une feuille metallique, par preference 
en aluminium. L’echantillon du charbon examine est place dans 
une petite corniie, formee d’un tube en verre dure, munie pres de 
son orifice d un conduit lateral qui peut etre adaple a une burette 
a gaz Le diametre interieur de la curnue est de 10 mm., sa hauteur 
de 170 mm On ferme la conuie par un bouchon en caoutchouc. 
Pour prevenir Teiitrainement du charbon pulverise par des gaz 
et, a la fois, dans le but d’expulser de la cornue une partie de Tair 
qui y est conteiiu, on met siir Techantillon une baguette de verre, 
ayant S mm. de diametre et 120 mm. environ de longueur. Le bout 
superieur de la baguette se trouve alors de 1 a 2 cm. au-dessous du 
conduit latiVal de la cornue. L’espace au-dessus de la baguette 
est rempli d’amiante, servant a la retention de gouttes d’eau et de 
goudron. 11 est bien aise de regler Tcbullition du soufre de maniere 
que ses vapeurs n'atteignent pas le bord, mais que leur condensation 
se termine 3 cm. environ au-dessous du bord de T teprouvettc. Dans 
ce dernier cas les vapeurs de soufre ne se font guere remarquer dans 
Tair du laboratoire, m^me si Tappareil n’est pas place sous une hotte. 

La couche de soufre fondu a 4 cm. environ de hauteur et la cornue 
est fixee de fa^on k toucher par son fond la surface du liquide. 

Le volume de Tair expulse de la cornue chauffee est determine 
dans un essai a blanc, dans lequel le charbon est remplace par des 
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perles de verre ay ant le mfeme volume que I’cchantillon de charbon 
(1,5 gr. de charbon correspond a 2,5 gr. de verre). 

La prise d’essai est de 1,2 a 2,0 gr., selon la teneur en gaz du 
combustible examine. 

Un point bien important est le choix d’une duree conv^nable de la 
chauffe. Aprcs quelques cssais prelimmaires d’une demi-heure et 
quelques-uns d'unc heure, I’auteur s’est decide pour les chauffes 
de 2 heures, le degagement de gaz aprcs ce temps cHant deja si 
faible que les fautes provoquees par des irregularites imtiales dans 
le chauffage dcviennent tout a fait nc'gligeables. Toutefois, dans 
le but d’abrc'-ger la duree de I’essai, I'auteur se piropose d’elaborer 
cetle mt^dhode aussi pour dcs chauffes plus courtes. Voici quelques 
chiffres d(!‘montrant la vitcsse du dc'-gagemcnt de gaz de divers 
combustibles (Tableau I). 

I. VOLUME DU GAZ EN CC . DEGACifc D’UN GRAMME DE 
COMBUSTIBLE BRUT 


No 



Duree de la 

chaufle en minutes. 


cie rechantillon 








30 

00 

90 

120 

1 


— 

11 

' 14 

16 

3 


35 

52 

' 60 

67 

5 


— 

26 

; 29 i 

31 

14 




59 

61 

64 

16 


— 

; 66 

71 

72 

17 


49 

57 

00 1 

63 

18 


71 

77 

81 ' 

82 

On trouve le 

volume du 

gaz df gage 

en dc^duisant du 

volume 


me.sure la quantite d’air dc^derminee par I’essai a blanc. II est 
evident que dans un travail precis on nc nc'ghge point les change- 
men ts de la temperature de I’air ambiant. Comme liquidc de 
fermeture nous empdoyons dans la burette une solution saturee de 
NaCl. On pent diminuer les inexactitudes provenant de la dis- 
solution de CO^ dans le liquide dc fermeture, si Ton enferme dans 
la burette une certaine quantite^. (10 ou 20 cc.) d’air, en sorte que la 
pression partielle du CO^ est abaissee des son entree dans la burette. 

La determination du volume de gaz est suivie, en general, par le 
dosage du CO^, soit en commun avec I’liydrogene sulfurt^, soit a 
part, le H^S (:tant d’abord enlevt^* piar absorption dans une solution 
acide de sulfate de cuivre. La nc^cessite et la methode d’ enlevement 
de H^S meritent encore une eHude plus profonde. 

Pour determiner le poids du semi-coke, on enleve de la cornue le 
bouchon d’amiante, on la nettoie du soufre adherent et, apres un 
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court scchage a 105°C., on la pese. Si Ton rempli bien les conditions 
de la duree de chauffe, la temperature etant toujours la m^me, les 
result at s des essais paralleles s’accordent d’une maniere satis- 
faisante (Tableau II). 

II ItESULTATS DE QUELOUES ESSAIS PARALL£LES 


Kendements d'lin gramme 


No de 


I'^chaiitillon 

Kssai j 

Coke 

u 

/o 

( i az 

cc 1 

! c(r - 1 H=s 

1 cc 

1 

CO* seul 
cc 

I 

{a) 

95.4 

16,4 

2,9 

— 


[h] 

‘ 95,6 

17,0 


1.0 


[c) 

— 

17.1 

— ' 

0,9 

5 

[a] 

H6.6 

2 ).H 

3,0 

i 


(h) 

86,5 

30,1 

1 3,5 

— 


(0 

— 

30,1 

— 

3,3 

17 


04.5 i 

62,0 

28,7 1 

1 


(^) 

64, 1 , 

00,6 

29,2 

— 


(c) 

— 1 

61,6 


26,7 

19 

(a) 

59,7 

80,3 

48.2 



{t>) 

60,0 

80,8 

47,7 ! 

— 


{c) 

__ 1 

80,9 

— 

i 44.1 




_ 







La methode a cTe appliquce a une sene de 20 combustibles, allant 
de V anthracite jusqu’ au bois. Le Tableau III indique la composi- 
tion chimique de ces substances, tandis que les resultats des experi- 
ences executees sur les memes substances sont inscrits dans le 
Tableau IV. Les chiffre.s figurant dans cc tableau-ci se rapportent 
d la matiere combustible pure (exempLe d humidite et de cendres) 
et les volumes de gaz total et de CO“ sont reduits a la temperature 
de 15X. 

Les combustibles etant langes d’apres leur tencur en oxygene, on 
remarque aisement que, dans la majorite des cas, I’accroissement 
de tencur en oxygene est accompagne d’un accroissement de rende- 
ment en gaz total et, surtout, en CO^. Les exceptions les plus 
frappantes concernent des substances riches en hydrogene. 

II serai t sans doute bien interessant de savoir s’il y a des relations 
definies entre les rt\sultats de la carbonisation et la composition 
chimique. Un travail anterieur, execute dans notre laboratoire^ 
dans le mtoe but, ne nous a pas donne, a cet egard, une reponse 
assez nette, d’une part, parce que le nombre des combustibles 
examines etait assez limitc, et d’autre part pour la raison que la 

^ Vondracek und Perna, Stoffbilanz der trockenen Destination verschiedener 
Brennstofie, Montanistische Rundschau, 1926, Nr. 8 u. 9. 
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temperature bien 6\evee (800®) de ces essais pouvait effacer les 
differences ini dales. 


III. COMPOSITION CHIMIQUE DES COMBUSTIBLES EXAMINES 


No. 

Genre 

Humi- 

dite. 

Ccn- 

dres 

Dans le 

C 1 H 

combustible p 

S 1 N 

ir. 

O 

1 

Charbon k coke . 

0.8 

16,1 

88,6 

4,57 

2,18 

1,79 

2,84 

2 

Anthracite 

0,9 

11.1 

90,4 

4,31 

1,50 

1,57 

2.22 

3 

Cannel coal 

1,0 

10.8 

83,2 

7,58 

1.93 

1.41 

5,93 

4 

Charbon k coke . 

1.7 

4.0 

86,1 

5,02 

0,60 

1,58 

6,77 

5 

Charbon k gaz 

1.7 

16,2 

84,4 

5.10 


— 

— 

G 


1,9 

3.7 

84,2 

5,12 

0,96 

1,45 

8,24 

7 

Houille mate . . 

1.7 

20.2 

84,4 

4,91 

0,53 

0,70 

9,51 

8 

Houille sechc 

2.5 

12,0 

82,7 

4,97 

0,99 

1,52 

9,84 

9 

Charbon k gaz 

2.2 

1 5.3 

82,1 

5.00 

1,25 

1,60 

10.05 

10 

Boghead . . . 

4,9 

i 4.5 

79,0 

7,48 

1,25 

0,75 

11,70 

11 

Charbon k gaz 

3,3 

i 5,1 

80,9 

4,84 

1,00 

1,37 

1 1,88 

12 

Tagnite cireux 

4,9 

1 10,1 

77,1 

8,22 

1,60 

0,94 

12,44 

13 

Houille sixhe 

3,8 

1 18,1 

80,0 

4,88 

1,30 

1,20 

12,62 

14 

Lignite cireux 

G.4 

' 7,5 

74,1 

1 8.84 

1,43 

0,35 

15,28 

15 

Lignite 

8.5 

i 8.5 

74.1 

5,55 

1,50 

— 

— 

16 

II 

12,2 

7,9 

73,5 

5,77 

1,46 

1,21 

17,80 

17 

1. • - 

12.1 

; 4,9 

72,6 

, 5,61 

1,49 

1,51 

18,77 

18 

1, 

15,0 

1 8.7 

67,7 

4,80 

2,39 

0,76 

24,30 

19 


13,4 

20,9 

65,1 

! 5,24 

, 2,69 

1,58 

25,40 

20 

Bois (le pm 

5,2 

0,3 

50,9 

j 5.86 

0,06 

0,06 

43,16 


IV. RESULTATS MOYENS DES EXPERIENCES 



Hcndeinents d’lm 
dc Cfimbustible 

gramme 

pur. 

Le graphiqiic 
indique. 

Chalcur de combustion. 

Nos 


fiilZ 







Coke 

total 

CO- 

H 

O 

calculee ! 

mesurce. 


% 

cc 

cc. 



1 


1 

94,7 

21,2 

1.5 

5,05 

2,5 

8.71 1 

8 737 

2 

98,4 

11,5 

1.3 

4.3 

2,2 

8 655 

8.630 

3 

64,1 

72,1 

7.4 

7.5 

6.7 

8 824 

8 820 

4 

86,4 

33,1 

3.4 

5,15 

7,0 

8 390 

8 472 

5 

85,6 

36,7 

4,0 

5.1 

8,2 

8 263 

8 340 

0 

84,4 

37,3 

3,5 

5.3 

7,0 

8 383 

8.368 

7 

87,7 

33,3 

' 3.7 

4.9 

8.3 

8 285 

8 260 

8 

88,7 

43,3 

6,4 

5,15 

10,5 

8 009 

8.030 

9 

82,7 

40,2 

4,7 

5.1 

9,5 

8.080 

8.120 

10 

53,3 

89,8 

18,5 

7.5 

11,7 

8.385 

8 425 

11 

89,2 

37,6 

7,0 

4,75 

11,7 

7.805 

7.820 

12 

44,2 

90,0 

20,9 

7.1 

13,0 

8 115 

8.296 

13 

82,9 

41.3 

10,4 

4.8 

13.0 

7.685 

7 714 

14 

37,5 

114,5 

i 34.0 

8.8 

15.5 

8.270 

8 243 

15 

70,4 

72,1 

26,8 

5,55 i 

16,7 

7.396 

7.390 

16 

69,2 

88,8 

1 35,1 

5,75 

18,5 

7 268 

7.230 

17 

71,6 

74,4 

32,2 

5.45 

18,2 

7 220 1 

7.242 

18 

64,4 

124.0 

61,7 

5,7 

23,3 

6.700 

6.358 

19 

59,3 

123,6 

67,1 

5.6 

23,4 

6.613 

6.310 

20 

33,9 

108,5 

50,3 


~ 
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Tout d'abord, vu la nature complexe et heterogene des combustibles 
naturels et artificiels, I'existence de telles relations apparait assez 
doutable. Mais il taut aussi reconnaitre que la methode proposee 
ci-dessus permet de prendre en consideration non seulement les 
rendement en coke, mais encore ceux en gaz et enlin la composition 
chimique du gaz. Certes, on a deja propose des mcHhodes de 
dosage des matieres volatiles, admettant les m^mes possibilites 
(bien connu a cet egard est la methode de M. Lessing^), mais on 
n’en a pas fait usage, a notre connaissance, pour I’analyse in- 
directc des substances examinees. Toutefois, la question merite 
bicn la peine d’etre etudiee. i 



Fig 2. Rendements (cc.) cn gaz total et en CO*, d’un gramme de 
combustible pur, ayant une teneur dehiiie en oxygene et hydrog^ne. 


L’ auteur s’ est con ten tc, pour le moment, de prendre en considera- 
tion assez sommaire les relations entre la composition chimique du 
combustible et les rendements en gaz total et en CO^. En se 
servant d une representation graphique, on arrive a un systeme de 
points qui, avec un peu d'ldealisation, peuvent etre reunis en deux 
systemes de courbes, dont un represente les volumes cn gaz total 
et r autre ceux en CO^. Ces rendements sont donnes dans le gra- 
phique (Eig. 2) en fonction de la teneur en oxygene et de celle en 
hydrogene. On voit que les courbes des volumes egaux sont 
reparties dans le reseau assez regulierement. 

Kn acceptant les donnees de ce graphique comme justes, on pour- 
rait done juger que chaque combustible, caracterise par une certaine 
teneur en oxygene et en hydrogene, donne dans des conditions 
d’experience, un rendement defini en gaz total et en anhydride 


* Rep. VIII Intern. Congress Appl. Chem. 10, 195, 1912. 
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carbonique. Ces rendements etant donnes, on pourrait, de retour, 
conclure a une composition definie de la substance examinee. L’ au- 
teur a a]oute dans le Tableau IV les valeurs dcs teneurs en O et en H, 
telles qu’ellcs se presentent en vertu des courbes idealisees de la 
Fig. 2. Les ecarts des valeurs reelles sont, en general, assez petits. 
II faut pirendre en consideration que la tencur en oxygene n’est pas 
toujours exactement connue, surtout pour les combustibles riches 
en cendres. On arriverait peut-^tre a des accords plus parfaits, si 
la position des courbes etait un peu changce. Ceci est vrai en 
particulier pour les courbes aux environs de 25 pour cent d' oxygene, 
ou un effet oppose commence a avoir lieu, c’est-a-dire une diminu- 
tion du rendement en gaz a la teneur ascendante en oxygene. 

La representation graphique deviendrait probablement plus claire 
si, au lieu des rendements en gaz total, on y enregistrait les volumes 
de gaz exempt de CO^. 

On pcut de meme s’interesser a la question, dans quelle mesure 
les chaleurs de combustion, calculees sur la base des valeurs pour 
H et O, prises du graphique, et des teneurs connues en S et N, 
s'accordent avec les valeurs reelles. Le calcul a ete fait 
moyennant la formulc denvce par 1’ auteur.® 

Q = (89,1—0.062 C) . C -h 270 (/i— 0,1 0) -f- 25 5, 

dans laquelle ('' designe la teneur en carbone de la substance pure 
(exempte de cendres et d'humidite). On voit du Tableau IV que 
I’accord est dans ce cas-ci mtoe plus parfait qu’il ne Test pour les 
teneurs en oxygene, ce qui pourrait denoter que les chiffres pour 
I’oxygcne, trouvcs par voie analytique, sont moins exacts. 

Cependant, il n' etait pas dans I'intention de 1' auteur de suggerer 
dans le memoire present une methode d'analyse indirecte des 
combustibles. L'claboration d’une methode assez sure, pour 6tre 
applicable, doit faire I'objet detudes ultcrieures Toutefois, 
r auteur croit avoir demon tre qu’une telle tentative n'est pas neces- 
sairement absurde, quoiqu’il laille s’attendre a ce que dans 
quelques cas spcciaux (melanges de divers combustibles, charbons 
oxydes par aeration, etc.) le graphique ne donne pas des chiffres 
surs. 
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The paper suggests the use of a bath of boiling sulphur for carbonisation tests 
at low temperature. The boiling point of sulphur (444®C.) is high enough 
to indicate the different behaviour of various fuels. Since the temperature 
of the sulphur bath is very constant, the method can give identical results 
in the hands of different operators. The bath is formed by a simple test tube 
and the sample is placed in a cylindrical retort tube of hard glass, provided 
with an outlet in the side The latter is similar to the well-known retort of Dr. 
Lessing Besides the weight of the semi-coke, the total volume of the evolved 
gas and the volume of carbon dioxide arc determined. The author studies 
relations existing between the chemical composition of fuels and the volumes 
of gas and COg. and is of the opinion that in many cases it should be possible 
to estimate eipproximately the chemical composition and the calorific value 
of fuels from the results of the low-temperature carbonisation tests. A 
diagram, corrected to represent ideal conditions, shows the results of tests 
carried out with the proposed method on twenty different fuels, the time of 
heating being two hours in each case 
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Parmi les proprictrs physiques des charbons il n’y a peiit-ctre 
nullc autre qui soit delime si insullisamment quo l’h\’groscopicile. 
Gcneralcmcnt, on se contcrUe de delinir rhumidite hygroscopique 
telle que Ic combustible imlverise retient apn s sa dessiccatioii a Fair 
de 20 ’C ayant I’liumidite relative de 50 pour cent Le plus souvent 
on nc s’occupc giiere des conditions de U'lnperature et d’huinidite 
de l air el on considere la determination de riiumidite dans le 
charbon seche a Fair seulement comme un expedient analytique. 
Cependant, il s’agit ici d une projinete qiu non seulement se trouve 
en rapport avec le degre de transformation du combustible et qui 
a meme ete appliquee a F appreciation de son ])ouvoir calonlique, 
mais encore qui prrFscnte une importance considerable pour Fem- 
magasinage et le transport des combustibles. 11 n’> a aucun doutc 
que la dessiccation a Fair de combustibles tres humides ann'ne leur 
dislocation et pulverisation et il est bien probable que le degre et 
les changements d'humidite, etant lies a la capillarite, out une 
influence importante et point encore asscz appreciee sur Foxyda- 
tion Icnte ou spontanee des charbons. 

Le manque d’une definition exacte pour F "hygroscopiicite" des 
combustibles et le manque d’une methode assez convenable a sa 
determination tiennent peut-etre a la complexite des phenomenes 
respectifs, en raison de laquelle le meme charbon sous des conditions 
exterieures identiques peut avoir une teneur bien differente en 
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humiditc\ II n'cst pas asscz reconnu que la dessiccation des charbons 
n’est pas un processus strictement reversible, mais qu’elle est souvent 
accompagnee d une hysteresis assez prononcee. 

tiu absordee 



1 ip 1 Coiirljcs dc dessiccation et d’humidificalion de charbons. 


iMg. 1 represente trois exemples des experiences faites dans notre 
laboratoire, concernant un lignite (no. 1), une houille seche (cretacee, 
no. 2), et un charbon a gaz (no 6). L’axe horizontal indique les 
tensions de vayieur d ean dans Tatmosphere ambiante, I’axe vertical 
marque en grammes les quantiles d’humidite liees a 100 gr de 
combustible sec et exempt de cendres. Les tieches mdiquent si la 
courbe est relative a la dessiccation on a 1’ humidification. Les 
echantillons examines ont ett* j)lacc% dtins un exsiccateur a vide en 
presence d’eau on d’acide siilfurique plus ou moms dilue, d une 
concentration connue. L’air a ete enleve par aspiration. On a 
procede avec la dessiccation en partant d’eau pure et en allant 
graducllcment ]u.squ’a I'acide sulfuriquc concentre, apres quoi on a 
opere 1’ humidification d'une maniere inverse. Les echantillons 
ont ete exposes a la vapeur d’eaii d’une tension definie, tant qu’il 
y avail un changement du poids, ce qui exigeait quelquefois plusieurs 
semaines. La temperature etait de 17 a 22'^'. 

On remarque le fait assez curieux que la substance completement 
de^sechee n'absorbe pas I’humidite dans la meme mesure qu'elle 
I’a perdue durant la dessiccation et que ce n’est qu’a I’atmos- 
phere saturee de vapeur d’eau que I’humidite de la substance 
devient appro ximativement egale a celle qu’elle a eue avant la 
dessiccation. Ce sont surtout les lignites qui se distinguent par une 
hysteresis d’ humidification tres prononcee. 
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II s’agit ici d'un phenomene connu de la theorie de capillarity,^ 
qui, entre autres, a cte etudie par M. Zsigmondy sur le gel de silice. 
On est mfime parvenu a calculer sur la base de telles courbes le 
rayon des capillares. 

Pour la pratique, il suit des phenomcnes dccrits ci-dessus qu'un 
combustible, ayant etc bien desscche, pourrait ctre considcrc comme 
une substance peu hygroscopique, tant que I bumiditc relative de 
I’air serait aux environs de 50 jiour cent, mais qu’en cas d’une 
elevation de I’humidite dans Tatmosphere la teneur cn eau du 
combustible pourrait brusquement monter de plusieurs centaines 
de pour cent. Voilk un point qui merite bien de ne pas etre meconnu. 

On observe aussi de la figure et du tableau, dans lequcl sont en- 
registrcs les resultats des experiences, que les ditferents combusti- 
bles sc distingucnt non seulement par leur teneur en bumidite a 
r atmosphere saturee de vapeur, mais encore par leur pouvoir de 
perdre leur bumidite, si la tension de vapeur dans 1' atmosphere 
baisse. Pour un rabaissement de la tension de vapeur de 18,7 k 
7,8 mm., done de 58 pour cent, on voit I’humidite initiale des com- 
bustibles se changer dc la maniere suivante 

tchantillon No 1 2 3 4 5 0 7 8 

Diminution d’liumidil6 cn gr 11,6 0,6 4,2 0,1 2,0 1,5 1,4 0,8 

do cn pour cent . 44 30 23 50 35 28 42 45 

La diminution de la teneur cn bumidite n’est alors point propor- 
tionnelle a rabaissement de la tension de vapeur cl son degre, pour 
divers combustibles, est bien different. 

On pourrait done conjecturer que I’etat sature d’hiimidite soil 
le plus con Venable a 1’ appreciation des propnetes hygrosco piques 
des charbons. Toutclois, nous considerons une telle methode 
comme as.sez nsquee, vu le fait que I'humidite des combustibles 
places dans une atmosphere saturee de vapicur d’eau change tres 
sensiblement avec la temperature, qu’il y a meme de la condensation 
d’eau hquide dans les echantillons et que, si Ton n’use pas de pre- 
cautions speciales, il est bien difficile d'airivcr aux resultats justes. 
Pour le moment, nous considerons que la marche la plus sure est 
d’exposer rechantillon d’abord a une atmosphere saturee de vapeur 
d’eau aux environs de 20X. et de le mettre ensuite dans un 
exsiccateur en presence d’acide sulfurique dens. 1 ,35 (ayant a 20“ un 
tension de vapeur d’eau de 8,2 mm). Apres un sejour dc 4 a 7 jours 
dans cette atmosphere on dose la teneur en bumidite de la fa^on 
habituelle. Pour prevenir unc oxydation lente de I’cchantillon, 
il est recommande d'enlever Tair de I’exsiccateur par aspiration. 

* voir Freundlich, Kapil larchemie, 11. Auflage, p. 913 
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QUANTITY D’EALJ ABSORUfih, DANS 100 Gr DE COMBUSTIBLE SEC 



11 laut mentionncr Cjue 1 allure irreversible de la dessiccation des 
charbons a elo deja constate dans les recherches de MM. H. C. 
Porter et O. C. Ralston. ^ 


Rt'SUME 

The drying of coals is not strictly a reversible process, and the humidification 
of a dry fuel m atmosphere of a gradually rising tension of aqueous 
vapour is accompanied by a comparatively large hysteresis (time lag). It 
IS emphasised that there is no satisfactory method of determining the liygro* 
scopicity of coal, which property is of great importance in connection with 
storage and transportation, due to the slacking and oxidation, which 
occur through this phenomenon. 


“Bureau of Mines, Techn. Paper 113 (1910) 
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GENERAL REPORT ON SECTION B 

SAMPLING AND TESTING OF SOLID FUELS 

DR. A. PARKER 

The following papers have been communicated lOr considera- 
tion by this section of the Conference : — 

B1 Samplings and Testing of Coal (Austria). 

]\2 A Tractical C’omparative Basis for the Calorific Value of 
Coal (Poland), by Stanislaw Felsz. 

Bv^ Determination of \'olatile Matter in Coal by Low- 
d'emperature Methods (Czechoslovakia), by R. 
Vondracek. 

B4 'fhe ]l\groscopic Oualities of Coal (Czechoslovakia), by 
R V ondracek. 

( Id The Use of ( iross and Net Calorific Values for the Purpose 
of (iuarantee Tests ((.iermany), by N. F. Nissen. 

The subject matter of these papers may be classified under the 
headings : — 

1 Sampling. 

11 Examination of samples. 

(a) Proximate analysis. 

{b) Ultimate analysis. 

(r) Calorific values. 

[d) Tests not so frequently required. 

(c) Special tests, 
ill Interpretation of results. 

The first paper, Bl, presented under the auspices of the Gesell- 
schaft fiir Wiirmewirtschaft, Vienna, gives a general account of 
those methods recommended by this authority for general adop- 
tion in Austria in the sampling and examination of coal and coke. 

Communications B3 and B4, prepared by R. Vondracek and 
presented by the Czechoslovakian National Committee, describe 
a low-temperature method for the determination of volatile 
matter in coal and an investigation of the hygroscopic qualities of 
coal under different conditions. 
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The paper, H 2 , by Stanislaw Felsz, of Poland^ introduces the 
conception of a standard coal as regards calorific value, with the 
object of simplifying the comparison of coals used on the Polish 
railways. 

Communication (i 3 , l)y N. F. Nissen, for the Vereinigung 
dcr Deutschen Dampfkessel-und-Apparate-lndustrie, Diisseldorf, 
und Allgememer Verband der Deutschen Dampfkessel-Ueber- 
wachimgs-Vereine, Miinchen, has also been included in this 
section, since it discusses the use of gross and net calorific values 
of solid fuels for guarantee tests, and thus deals with the inter- 
pretation of results dependent on determination of calorific values. 

During recent years considerable attention has been directed 
towards the standardisation of methods of sampling and examina- 
tion of solid fuels for commercial purposes, and in some cases, 
authorities of recognised standing have already prepared definite 
specifications which will, presumably, be reviewed periodically 
and, if necessary, modified. 

For the purposes of many special investigations and researches, 
standardised analytical methods would be unsuitable, and further, 
their too extended use might conceivably operate against pro- 
gress; but even in pioneer work, difficulty is frequently experi- 
enced 111 attempts to compare the results of different investigators, 
owing to the wide divergencies in analytical methods adopted. 

There is no doubt, however, that for general commercial and 
technical requirements, the adoption of standard methods would 
prove distinctly advantageous, especially if the particular methods 
laid down received international approval. It is believed 
that this session of the Conference can serve a useful 
purpose, proNided the questions considered and discussed are 
limited to methods A\hich might be employed in connection with 
technical tests as distinct from special investigations. This 
necessaril}' means that only those methods of sampling, testing 
and anal\sis should be brought forward which could be completed 
in reasonable time, compatible with required accuracy and with 
reasonable facilities and apparatus. 

It is too much to hope that in one session it will be possible to 
arrive at specifications which would receive universal approval, 
but the discussion should constitute a useful preliminary towards 
the formulation of international standard methods. This Con- 
ference will have merited its organisation if it succeeds in 
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promoting closer co-operalioii between tlie recognised :iUthorita- 
tive bodies already studMiig the subject in different countries. 

The coin])lete process of evaluation of a solid fuel may be divided 
into two main sections, sampling and examination of the samples, 
each of which nia}' be further sub-divided as indicated by the 
following arrangement - 

I — Sampling. 

(a) Selection of large sample rejiresentative of the con- 
signment 

{b) Preparation from the large saintile of lalioratorv or test 
samples 

II — Examination of samples. 

(a) Proximate analysis, including moisture, volatile matter, 
fixed caibon, and ash. 

{b} I'ltiniate analysis, including carbon, hydrogen, sulphur, 
nitrogen, oxygen, and ash. 

(c) f'alorilic values, gross and net. 

id) 'Pests not so frcqueiitU required, c.(j., specific gravity and 
caking index of coal, true and apparent specific gravities 
and porosil) of coke, reactivities and ignition tempera- 
tures, melting points of ash, composition of ash, etc. 
(c) Special tests for particular purposes, c.p , carbonisation 
assay of coal, including examination of products 

Sampling 

Although it iiKi}' not be possible to .specify detailed instructions 
which could be followed in all circumstances in taking samples 
representative of a consignment of solid fuel, the procedure 
and precautions to be observed, as outlined in the paper 
by the Clcsellschaf t fur Warmewirtschaft, of Vienna, will doubt- 
less meet with general approval. In fact, the general procedure 
is already adopted by a large number of fuel technicians. 

( a) Proximal e Analysis 

The most usual method of ascertaining the moisture content of 
solid fuels includes the preliminary determination, with compara- 
tively wet fuels, of the loss in weight on drying a large sample in 
air at a temperature rather higher than that of the surrounding 
atmosphere. The air-dried sample is then estimated for moisture 
by determining the loss in weight of a small sample when heated 
in an oven at about 105°C. for a specified time. Certain types of 
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coal however, when healed to 105^ C. m air, undergo oxidation 
and errors result. To obviate this oxidation, many methods have 
heeii de\ise(l, brUh direct and indirect, and the method recom- 
ineiuled in the first paper is that in which a sample of coal 
( usual In 30 to 50 grammes) is placed in a ilask with 200 c.c. xylol 
and distilled, the water carried over with the xylol and condensed 
being accurately measured. Methods emplo^^ed by other 
authorities to jnevent oxidation include that of drying the sample 
at 105 C. in an oven supplied with an inert gas free from oxygen. 

Idle determination of volatile matter is carried out in Austria 
b\ a melhod almost identical with that prescribed in America. 
The sample is heated in a platinum crucible for seven minutes 
at 900 to 950^C. It is well known that with certain fuels, c.g., 
high temperature coke, this method does not give reliable results, 
and requires modification to prevent a variable loss due to com- 
bustion. One modification is that used in Austria for brown coals, 
which are heated and cooled in a Rose crucible supplied with 
inert gas. 

( h ) UJhmalc . Inalysis 

Carbon and hydrogen are almost universally determined by 
combustion in oxygen, according to the recognised procedure for 
the clelcrmination of these elements in org^anic compounds. Several 
methods have at various times been suggested for the estimation 
of the elements by examination, either gravimetrically or volume- 
tricalh', of the gas remaining after combustion of the sample with 
oxygen in a calorimetric bomb, but in general, these methods 
either do not reduce the work involved or are less accurate 

The results of systematic investigations of the different forms 
of sulphur in coal have been published during recent years, but 
usually it is sufficient to ascertain the total sulphur content of a 
fuel, or a I most, the combustible sulphur and the sulphur in the 
ash. For total sulphur, the Eschka method is perhaps most 
emjiloyed, but other methods, of which combustion with sodium 
peroxide might be mentioned, are extensively used. In Austria, 
the total sulphur is obtained by addition of the sulphur gasified 
in oxygen in a combustion tube and the sulphur content of the 
ash of the sample. Sulphur might also be conveniently deter- 
mined in conjunction with the calorific value in a bomb calori- 
meter. 

Nitrogen is usually determined by various modifications of the 
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Kjeldahl method. Several recent investigations have led to the 
conclusion that the Kjeldahl process probably leads to results 
which are too low. For this reason, some authorities, including 
the Gesellschaft fiir Warmewirtschaft, of Vienna, have adopted 
modified forms of the Dumas method of combustion with copper 
cxide. The great disadvantage of the Dumas method, however, is 
that it is not nearly so convenient and requires much more skill 
and attention than the Kjeldahl process. 

The determination of the amount of ash in a solid fuel by the 
usual method, although simple, is not altogether satisfactory, in 
that the ash is obtained in a different state of oxidation from 
that in the original fuel. This change in state of oxidation of the 
ash constituents has an important influence on the difference 
figure which represents the quantity of oxygen in the fuel. A 
satisfactory direct method of estimating oxygen is urgently re- 
quired, tor there is no doubt that reliable figures for this element 
would aid in the elucidation of several problems of fuel 
technology. 

(r) Calorific Values 

The well-known method of determination of the gross calorific 
value of a solid fuel by combustion in a bomb of the Berlhelot- 
Mahler type is almost a universal standard, but there appears to 
be a lack of uniformity in the data employed in making the 
necessary deduction to obtain the net value In the first place, 
the precise meaning of net value requires rigid definition, with 
special reference to the amount of heat to be deducted from the 
gross value for each unit weight of water in the products of 
conilnistion. The amount of the deduction is dependent on the 
final temperature to which it is assumed the water vapour is 
cooled without condensation. 

(g?) Other Tesis 

The caking index of coal is generally measured by a modifica- 
tion of the Campredon test, and represents the maximum number 
of parts of sand which may be mixed with one part by weight of 
coal to produce a coherent coke when heated to about 950*^0. 
Objections to this method have been raised on the grounds that 
sand is an inert material very different from the substances 
ordinarily employed in carbonisation, and that it is difficult to 
ensure different supplies of sand of the same quality. Other 
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methods sn^^j^esled, however, do not appear to possess any marked 
advanla!^a\s over the modified Campredon test. 

The rii)i)arent si)eciHc j^ravity of coke is obtained from the 
weii^hts and volumes of typical pieces. The volume may be 
obtained by several methods, two of which are mentioned in the 
first paper. Reference might also be made to the method ot 
weighing ])ieces of coke in air and in mercury. Tests for apparent 
gravity of coke, how^ever, would seem to require systematic 
investigation before a satisfactory standard could be recom- 
mended 

fihirther study of the factors associated with the jirojierties of 
solid fuels as regards reactivities towards steam and carbon 
dioxide and as rc-gards ignition tenijierature is necessarx before 
anv ajiproach to uniformity in evaluating these properties, now 
assuming so much importance, can be expected. 

(c) Special 'J'csls 

The ileterniination of the volatile matter removed from coal 
under low-temperature conditions is discussed in communication 
J»3, and a lest is described. The sanqde of coal, 1 2 to 2 grammes, 
is placed in a hard glass tube heated to 444^'C. in the vapour of 
boiling sulphur Some interesting results and possible deductions 
are guven. 

The factors v\hich account for the difficulties in attempts to 
determine the hygroscopic powxrs of coals have been investigated 
b\ k \ ondracek, of CTecho-Slovakia, and the results are 
described in paper B4. The mam difficulty results from the fact 
that the absorption of moisture b}^ coal is not strictly a reversible 
process. A test is suggested for obtaining comparative values ot 
hygroscopicity. 

The carbonisation assay of small samples of coal with the object 
of evaluating different coals for commercial carbonisation pro- 
cesses is rapidly becoming of great importance. It is doubtful. 
howe\(‘r, whether the time is yet ri])e for the establishment of 
standard methods of assay. In the first place, it is not eas\ in a 
laboratory apparatus to obtain results from which the yields of 
products in a particular large scale process could be predicted 
with sufficient accuracy. Secondly, many technical processes are 
widely different from one another. 


290 


aIO 



GENERAL REPORT 


Evahiciliou from Calorifi Values 

Two papers, B2 and (i3, discuss the methods of evaluation of 
solid fuels from the results of determination of calorific values. 
Stanislaw Felsz susj^^ests Ihe conception of a hv iiothetical 
standard coal with a g^ross calorific value of 6,320 cals, per 
j^ramnic (11,37() B.Th U per lb.) in the evaluation of coals foi 
use in raisinf^ steam for the railways of Poland. A calorific value 
of 6,320 cals, approximates to the average quality of tlie coal 
employed and sim])lifies calculation if the total heat of steam be 
taken as 632 cals per gramme and the heat equivalent of one- 
horsc-power-hoiir be taken as 632 cals. The evaporation 
per unit weiglit of standard coal is then exactly one-li'iitli of the 
percentage efficiency of the steam raising unit. 

According to the specification for conducting guarantee tests 
of steam-raising plants in Germany, during a period of two 
years efficiencies have been reported on the basis of both the 
gross and the net calorific values of the fuel consumed. The 
gross calorific value assumed that the initial and final tempera- 
tures of the fuel and products of combustion were 0°C. ; the net 
value assumed that the dry gases were cooled to 0°C., but that the 
water vapour was cooled only to dew point. The experience 
gained has led to the conclusion that efficiencies based on gross 
value arc not satisfactory and that net values only are required. 
Calculations are made and curves are given to show that the 
efiiciency of a particular installation, consuming the same fuel 
throughout, may change considerably if derived from the gross 
value, with variation in the moisture content of the fuel, but that 
the efficiency derived from the net value is liable to only small 
variation. 
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ll’KSDAY, SKPTEMltliK 25 (AI' I KKNOON). 

Section ]) 

SAMIM.ING AND TKSTING OF SOLID FULLS 
Chairman -Captain Sinn ait (Great Britain) 

rii(‘ (kjicral Report was presented by Dr. A. Barker. 

Dk a. Parkkn (Great Britain) opening tlie disenssion, said that 
llie method of sampling suggested in the paper from Austria con- 
sisted in taking a bulk samph* wherever possible during loading or 
unloading a consignment of coal If the loading was done by 
( onveyor tlien a small amount would be taken at suitable intervals, 
or if the coal was di'livered in small packages, then a certain number 
of jiackages would be taken to represent the bulk of the coal. The 
main point brought forward was that the sample must contain 
pieces of coal of different sizi‘s, in exactly the same proportion as in 
the original consignment because the com[)osition of the larger 
pic*ces of coal might be quite different from the composition of the 
smaller coal, es[)ecially as regards ash content As regards proxi- 
mate analysis, the first item was the determination of moisture, and 
he thought that if the different authoritative bodies representing 
the (hlferent nations could get together, some satisfactory simple 
standard test could be universally accepted The Ameriean stan- 
dard for till' detiTinination of volatil(‘ matter was fairly satisfactory 
for bituminous coals, because the volatile matter drives away the 
air above the surface of the coal, and thereby to some extent prevents 
oxidation, but with high-temperature coke, and even with anthracite 
and using wliat might be termed a tight fitting lid to the platinum 
crucible, considerable oxidation occurred and differences of perhaps 
2 per cent m the volatile matter might result. Several methods 
had been devised and published for getting over this difficulty and 
here, again, he thought Ti method might easily be decided upon 
which would be satisfactory for universal adoption. The heating 
u]) of c,ok(‘ or anthracite for volatile matter determination must be 
carried out in an inert atmosphere, and cooling must also take place 
in an inert atmosphere if oxidation was to be avoided. Methods of 
ultimate analysis for carbon and hydrogen should be readily settled. 
There was still some dispute about the nitrogen determination, for 
different workers seemed to have reached diverse opinions on the 
reliability of the Kjeldhal and the Dumas methods, and that was a 
jioint which might well be discussed. Sulphur was again a test 
that required some discussion and further work It was also neces- 
sary to devise a satisfactory method of determining the oxygen 
content of the fuel directly and not as a difference figure. In the 
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paper by Prof. Vondracek an attempt wa.s made to correlate figures 
from ultimate analysis and for the calorihc value of coal with 
results of the determination of volatile mattcT under low tempera- 
ture conditions. The development of a useful relationshij) of this 
kind required reliable figures for oxygen At the present time, the 
oxygen figures included errors and did not represent the true 
amount of oxygen in the original coal As regards calorific value, 
the method of ascertaining the gross value in the bomb calorimeter 
was fairly well standardised, but to obtain the net value, different 
authorities made different deductions foi each unit weight of the 
water condensed In some cases it was assumed that the water 
was cooled to dew point, and the dew ])()int natuially varied accord- 
ing to the proportion of moisture present 'fhat method, therefore, 
did not give a uniform figure for dediK'tion Olliers assumed that 
the water vapour was cooled without ('ondensation to 100 C. I'liat 
was a point winch required study by the authoritative bodies of each 
country, as, for example, the new ('ommittee of the llritish Kn- 
ginecTing Standards Association in this country With reference to 
the interpn‘tation of results, the main ])oint brought forward in the 
piapers was wlndher tlie gross or net calorific value should be used 
for the purpose of guarantet* tests. I'liis was a problem which could 
not V(‘ry easily he settled h'oi steam raising [ilants it seemed, from 
the work done m (KTinany, that th(‘ net value was the more suitable, 
but the net value could not be used lor all purjioses. For example, in 
the carbonising industri(\s, the procedure was to takeacertain weight 
of coal of a definite gross calorific vedue and to carbonise it and deter- 
mine the heat valiK* of the resulting products In a case of that 
kind it was absolutely essential to use the gross value as a basis 
The net value would bi* ])ra('tically meaningless Net value for 
guarantee tests would have to be limited to tests witli particular 
types of plant and apparatus As regards lh(‘ standardisation of 
methods, a resolution had been brought forward at the meeting of 
Section A m the morning adv'ocating co-operation betweiai the 
different national committees with a view to standardisation, and, 
personally, he thought this could not be too highly stressed. It 
would be impossible to decide on details at a Conference ol this 
cliaractcr, since a large amount of work would be necessary, but 
if the different bodies could be brought into toiK'h with one another 
they might be able to arrive at a few standard tests Every test 
could not be standardised because each country would require 
different tests for certain purpo.ses Some tests, however, could be 
standardised, and that was a point he had stressed in the General 
Report. 

The Chairman, m calling upon Mr le Maistre, the Secretary of the 
Engineering Standards As.sociation of Great Britain, said this was 
an entirely independent body working in conjunction with those 
associated with any particular industry. Within the last eight 
months the Association had done a great deal of work upon the 
subject of standardising methods of sampling and analysis of coal, 
but before commencing this work it had called together a conference 
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representative of every interest concerned witli the production and 
utilisation of coal ('oiiimitt(‘es fiad been a])})ointed, and Panels 
were at work upon various aspects of the subject, and results of their 
del ilierat ions could bi‘ I'xpected in the near future. 

Mk ('. E IJ-. MaistkI'. ((ireat Ilritain) said his Association was an 
ind(‘j)en(lent body. J here was no (ioviTiiiiKMit control, altliou^di 
it liad (iovi'inment support, and he believed ttie activities of th(‘ 
Association were fairly wi'll known on the ('ontinc’ut and in AiiK'rica. 
H(‘ felt It would be wise, jierhajis, to clear the {.^uound in view of the 
resolution that li.id been passefl at th(‘ inoriiint; meeting of Section A, 
when thi'Te were about 150 p(‘ople present and, as far as hi' I'oiild 
sei‘, about tifli'i'u peojile lu'ld iij) their hands in support ol the 
resolution in favour of some international action bein^ taken, whilst 
the remainder did not \'ote one wa> or (he othei rheretorc-, he 
would explain what was bi'in/:; done m this (ountr\' and how it canu' 
about The Fuel Fesearih lioard, as a section of thi' Di'jiartment 
of Scic'iitilic and Industrial Kes(‘arch, m the course' ol its woi k had 
to come to some understandiiijn^ on tlii' v'ei\ ]:)oints which wert' the 
basis of the jiresent discussion m order that thi'V mip^ht complete 
or p^et on with the work of the national survey of the coal resources of 
this country The report which the Hoard issui'd and which had bi'cn 
sent very widi'ly abroad, had been in some cases taken as rejiri'- 
sentmp" aulhoritative Hritish standards, but m this country it was 
known that nothmp; was farther from tlii' thoiipdit of the Di'jiartmi nt 
than that this n'jiort should bi' taken as the law of the Medi's and 
Persians, and as thi' standard for this country. The report was 
pri'jiari'd solel\’ for the ])urpos(.‘s of tin* Hoard, and to jiiova* that it 
was only neci'ssary to state that it was the Fuel Research lioard 
which initiated the' movement tor standardisation in these mattc'rs 
under the lepns of the Hntish Fiif^nnc'crinp^ Standards Association 
Tt was at the instip^ation of the Fuc'l Ktcsearch Hcuird that the 
Association called a conference', some' nine or ten months af^o, which 
was very fully attended by every intc'rc'st that could be p^ot in touch 
with. The coal owners, the scientific peojde, tlu' commercial 
people', were' all at this conferi'iice, and the Fuel Re search Hoard 
very kindly jilaced at the disposal of the H.F.S.A the report that 
had been issuc'd in order tliat it mipht be used as a basis fhe 
Board also placed at the disposal of the H.F vS.A all the investipui- 
tions which had been carried on for a number of yc'ars in order that 
the matter need not be commenced di' iwvo That Conference 
broup^ht out very clearly indeed that what was reejuired m this 
country was some commercial agreements in order that a more 
scientific selling of coal might be brought about, i c , whilst the 
Confarence realised fully the scie'ntific interest ol the matter it also 
realised the industrial side Tt had always appeared to the 
B E.S A. that industrial standardisation was only about 15 per cent, 
technical and about 85 per cent human. Tt was not the least bit of 
good putting up fine technical standards and then waiting till 
kingdom come for the commercial people to adopt them. That 
would not do the country any good, and the consequence was that 
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wliilst the scion title side was bciiif^ borne in mind there had 

been formed two snb-commitlet\s, one on sainjilmf^ and one on 
analysis, and also live jianels dealing,- with moisture, volatile, ash, 
sulphur and calorilic vailue. u])on all ol which the industrial side 
was fully represenli'fl 1 hes(“ (ommittees had m mind all the time 
that tlie object was to bim;^ about some industrial afj^reement on 
these points so that some collective elfort mii^dit be inadi* lor the 
j^ood of the industry Natiirallv, m doinj; that . they had in mind all 
the time lh(‘ d(‘sirability of brinf,nnf( into their discussions thi'ir 
colleaf^iU'S ai'ross the water, but betore takiiif.,^ international action 
an endeav’our must be made to jiiit oui own house in order— and the 
saint' applied to other countries and then to pool the knowledge 
that had bt'en gamed All that took time, and it was lor that rt'ason 
tluit he laid stress on the lact that industrial standardisation was such 
a human jiroblem He assiirt'd the ( Onft'renci' that the inter- 
national side had not hei'ii at all torgotten in this country Indeed, 
some months ago the H.h S A appointed ,i liaison or foreign corre- 
spondence committee, but it could not go very far torward until the 
other National (ommittei's had bi'gnn to set* davhght on their 
probli'ins This liaison committee'. howe\’er, mimberi'd among its 
members those who were in touch with tlu' comix'tent j)i'o])le in 
foreign countries 't wo or three ol the interested countrit's were 
perfectly alive to this sul)]ect and were most willing to coitk' together 
and helj) the llritish ( ornmittee m the ])rol)lems before them In 
addition to this liaison committee, regional comnntlees had been 
formed m this country and thi'ie wt're commit ti'es in Cardiff, New- 
castle, (ilasgow, Shetiield and Manchester, so that the work in this 
country wasvervfullvorgamsed both as to jiriiK ijiles and as toih'tails. 
It seemed to him that so far as Eiiroju* was conci'int'd, (Ireat Hrilain 
had made great progress m this matter and would appear to have a 
more detailed organisation than any other country. 11, thereton', this 
Conference desired international co-ordination, thi'ii the country 
that had done so much sliould be the country to be asked to take tint 
tirst steps It was very im])ortant indet'd that the commercial 
aspect should be ajipreciated and insisted ufion right through, and 
in no country should the pure technician 1 h' loo much in chargt' of 
the work, otherwise there was a danger of ])roposals being ])ut 
winch, whilst technically ideeil, would not recommend themselves to 
the commercial mind The commercial people wanted something 
as simple as possible which would help them in making comparisons 
of tenders and enable the purchasers to know what they were getting. 

Dr. E W. Smith (Joint Technical Seen'tary) said tlial the resolution 
passed in the morning was completely innocuous and was not intended 
in any way to contlict with the work of the H ESA, or any other 
similar body. Tt was not a resolution of the Executive, but it came 
from Sweden At the same lime, he wished to point out that the 
Executive realised that all the wisdom did not he m the H E S A., 
in spite of their unbounded faith in B E vS A Neither did all 
the wisdom lie in Great Britain; and from the purely psychological 
point of view, whatever the facts might be, it wars absolutely 
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fundamentally necessary that it should be recof^nised that there might 
be some value in all other countries, and that therefore the door should 
be left wide open for the encouragement of co-operation. Even if 
a resolution might be innocuous, it was also advisable that there 
should not be one but many bodies that were acting and were saying 
that there should be (o-operation He had implicit faith in the 
h2.S A. and its work. He had a very close accjuaintance wath 
what it was doing in connection with coal, and the British National 
Committee was alisolutely satisfied to leave their interests in the 
hands of B.E vS.A I here was no suggestion to the contrary, but 
the ('onference would do well to accept any general recommendation 
that there should be co-operation Tt was not the inlentuni that the 
resolution passed in the morning should tic the hands of B E S.A 
in any way 

Tnc; Dk. GiAcaiMo Eor ik (Italy) spoke with regard to the standard 
value of Ctalonfic jiower from the jxunt of view of one engaged upon 
the Italian State* Railways As was stated in the (General Report, 
Mr Eelsz introdiued the conception rif a standard pot helical coal, 
and stated that a coal jiossessing 6,320 calories was an average coal 
used on railways. On the Italian railways, hovvever, a coal having 
a higher calorific value was ustxl, 7'E., 7,800 calories to 8,200 calories, 
and a similar quality of coal was also used in (iermanv, Switzerland 
and France Mor(‘over, the heat obtained per kg of steam from 
any coal used on railways or m power stations dependc'd ujion the 
steam pressure, tlie quantity of water trained by steam, which 
might be overh('at(‘d, and the temperature of the walei introduced 
into the boiler, which might be pre-heated by tlie exhaust steam 
Therefore, it could not be said that a formula exjiressing the ratio 
between the calorific ])ower of a ('oal and the number of calorics 
absorbed pcT kg of steam would be a constant It might ajifily 
in a number of cases, but not generally, Therefon*, it would be 
necessary to make corrections for different countries because of the 
varying qualifies of coal used for different purposes 

Mk G W. Him ns (Great Britain), speaking with regard to the 
proximate analysis of coal, said that as regards the moisture and 
volatile matter determination, the chief objection that was made, 
as a rule, to thc^ drying of coal in an oven, was that oxidation might 
take place in certain circumstances. At the Imperial College of 
Science they claimed to have got over that difficulty by the use of 
a steam-heated vacuum oven The coal was introduced into an 
oven containing a series of horizontal plates which were heated by 
steam coils The heating of the coal continued for 1 J hours, by 
which time the change in weight, eased. There was no evidence 
that pxidation had taken place The xylol method was likely to 
give very ac'curate results, but from the technical point of view he 
was inclined to favour the oven method, because not only did the 
xylol apparatus occupy a good deal of bench space, but it could not 
be used for any other purpose, whereas the vacuum oven could be 
used for dr^dng other things than coal, and it gave reasonably 
accurate results Any satisfactory test for the determination of 
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volatile matter must fulftl the following conditions: the control of 
the temperature must be accurate and it must be reasonably easy. 
There must be no interference with the results brought about by 
oxidation during heating or cooling of the samf)le. It must be 
certain that at whatever temperature was chosen the coal was 
robbed entirely of its volatile matter by the healing From the 
purely theoretical point of view there was an obvious objection to 
the use of platinum, and owing to its well-known catalytic effect it 
was safer to avoid tlie use of it in the vessel containing the sample 
to be heated Moreover, certain coals, for example, some Welsh 
coals with 10 to 12 per cent volatile matter, decrepitated violently 
win'll heated suddenly, thev lumped right out of the crucible and 
needed to be heated slowly d a test was to be condiuded without 
loss. The method in use at the Imperial Colk'ge of Science was to 
heat the coal in a small silica tube which rvas enclosed in an outer 
largi'C silica tube undt'r such conditions that the gas cvolvi'd from 
lilt' coal foiC('d water out of a bottle into a si'cond bottle, the water 
ill the second bottle acting as a seal, so tliat the coal was lu'ated and 
cooled in contact with its own gas, and thus all risk of oxidation was 
avouk'd In dealing with high-temperatiin' coki's where there* was 
insufficaent gas to force the wati'r out of the fust bottle and form a 
seal 111 the second, it was possible to introdina' an inert gas into the 
heating tube, whk h was h(‘ati‘d in an ek'ctric furnace 'I'here was 
a platinum-])latmum-rhoduim thermo-j unction alongside, so that 
tlu' temperature could be controlled accurately and the rate of 
heating could be arranged to suit the coal winch was being te'sted. 
Normally, with a coal that did not decrepitate, the tube's wen* ])ut 
into a temperature of 90 C m the furnace, but in the case of coals 
that decrepit a t(‘d the tubes wt'n* puslu'd into the furnace at air 
tempcTature and the temperature gradually iiK reused. In that 
way there was no risk of inconsistency m the results due to decrepi- 
tation. Furthermore, the heating could be contnuu'd for such a 
time that it could be certain that all the volatile matter had bi'cn 
driven out of the coal This was shown by the fact that iif) more 
gas bubbled through the water seal. The consistency of the ri'sults 
obtained was shown by the fact that they were within 01 to 0 2 
In the case of a coal having 30 per cent of volatile matter, the 
ligures would fall between 29 9 and 30- 1 every time, and m the case 
of two determinations carried out simultaneously the consistency 
was even greater than that. 

Mr. L. S. de Waard (Holland) said that Prof, ter Meulen , of the Uni- 
versity of Delft, had worked out several new and elegant methods for 
the determination of all the constituents of coal, including oxygen, all 
of which were printed in a small booklet which had been published 
and had been translated into English and German. Regarding the 
oxidation of coke and anthracite by the determination of volatile 
matter, by using the small American crucible and a No. 3 Meker 
burner; this oxidation was not greater than 0-3 per cent, for a heating 
time of seven minutes at 900°C. The decrepitation of the anthracite 
was prevented by mixing it with equal parts of a good coking coal 
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containing a known quantity of volatile matter As to the use of gross 
or net eulonfie value, it seemed to liim that it made little difference 
winch was used so long as it was known which was used. The calorific 
valiK', gross or iK't, was not a good value for the specification of a fuel 
when used alone, nor was i( a good figure to lake when ('omparing 
t)oil(‘i elfuieiKies It was necessary to know nuich more about the 
charaeteristK's ol tlu' fuel In Holland the net calorihc value was 
used, because then tlu' real lossi's in the flue gases were known, and 
to say that the ('vaporation IkmI of tlie water in the stack gast'S was 
not usable was not sound UMSoning m llie jin'sent stage of boiler 
developnienl 11 was not bv accident lliat the Americans, wlio 
alwa\’s used the gross value, also tried to use the condensation lu'at 
of the wat(.‘r in I Ik* lliu* g.Lses l\*rhaps the manufacture of stainl(‘ss 
steels would bring tlu' solution of this problem nearer In Holland, 
boilei elficienc\’ was often <l(*t(M‘mined bv determining all the loss(‘s 
and subtiactmg the numbei so obtained from 100 This w^as often 
better than deUM imning th(‘ ( IVkhmicx' directly from the evaporation. 

Pkoi K VoNDKAei K (Cz(*('lioslovakia) leferred speciallv to the 
])ap(.‘r from Ausliia. and said that whilst tluMe wiue souk time ago 
in different countri('s sonu* dl^’ergencIes of o])inion as to the best 
nu'thods of analysis of ('oal, he now had th(‘ impression that the 
r(‘s(‘.iich work ( arried out to Inid the jiossible errors and inaccuracies 
111 tlu* \ arious nu'thods had not b(‘en wasti*d, and that the niidhods 
now^ ein})loy(‘d b\ the* different workiTs do not vary very much In- 
dec‘d, there wiue some ujxni wdiK'li all chemists wamld now agree 
The Austrian paper did nut deal wdtli the details of the deterniiiia- 
tion of the calorific \'alii(', as that w'as the inethod generally adopted 
H(‘, therefore, recommended this method for general considi'ration 
on account of th'‘ possibility of standardisation m certain details 
h'or instance, theu* W’as the pr(‘])aration of the sample* of different 
low'- grade coals, rich in moisture or ashes, wdiere certain precautions 
could be taken to ensure complete combustion in the bomb In 
the jireiposals contained in the* Austrian papeu- he found described 
only the dc'lernnnation of the combustible suliihur and the ash- 
sulphur, but not that of the total suljihur content There w'as no 
doubt that the combustible sulphur had the most injurious effect 
during combustion m the furnace, but the conditions in which the 
asli was burned in the crucibh* and m the furnaci* under practical 
conditions were yery different, and the jiroportion of sulphur going 
into the gases wanild not be the same in each case It was a diflicult 
task to burn coal in a crucible in such a definite manner that the 
sulphur content of the ash would alw^ays be the sami* As the ash 
was heated to a higher temperature its sulphur content decreased 
rapidly Therefore, he preferred the determination of the total 
sulphur content in coal, as this dicscribed the quality of a coal in a 
more di* finite maniiei The tw^o ])apers which lie liimself had 
presented to the ('onference dealt with more theoretical subjects, 
but he hoped that they might also have a significance for the prac- 
tical evaluation of solid fuels The method of determining the 
volatile matter in coal at the temjieiature of boiling sulpliiir was very 
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simple and exact. 'I'lie determination oi tlie volume of the 
evolved and its ('.Og content was very easily carried out, and mi/^dit 
replace more complicated methods of evaluation of fuels approxi- 
mately. One of the papers also dealt with the im])oi lance of having 
an exact definition of “hygroscopicity/' and also ot havung a deliiute 
method of determining it. It was a curious thing that the term 
"livgroscopical humidity” was often iist-d, yet there was no exact 
delinition of it, although this quality was very important for practical 
purj^oses — storage and transport and also iii scieiitilic research 
into coal In conclusion, Prol V'ondracek said hi- was optimist 
(Miougli to behevx’ that we should soon arrive' at international 
standards, and his countrv. rich m coal and lignite's, was ready to 
take part iii this work. 

J)r 11 hoi'KLkK (.Austria), spi'aking m (iernian, gave' a brief 
account of coal testing metheiels carneel eiut in Aiisliia, pointing 
out particularly that in deteimming the wate'i eeiiiteiits in lignites, 
the' \yle)l me'theiel was in use instead eif the elrynig method at 105 C. 
He' re'ceimnu'neU'd, howev'er, the use eil te'l raehleire'thaiie instead 
ol wlol, as te'tracliloie'tliane' was not a ceiinbiistible ixissessing, 
with re'gaid to its seihibihtv m water, the* same eharacter as xyleil. 

As te) the ele'te'riiiiii.it ie)ii eif the caleirilic value of sediei fuels, he 
ie‘e'e)mme‘Tul('el tfie* ceirreetiein lormula e)l Ive'gnault Pfaiindler. 
The held ol ajiplu al leni eif this feirmula w'as eit a far greater extent 
than with eitlier eeirre'etiein fen’iuiil.e in use, tins me'ant llait in 
a})plyiiig tile kegnaiilt-Pfaunelle'r leiruiula tlie'ie' wais greate'r liberty 
in the clioiee eif the ])re-lie'atmg teinpe'rat lire ol the w'att'r and the 
quantity of the wa‘i|.^hed substance than in using similar fonnuhe 
It was found, too, that a determination in winih (h(‘ collection 
factor amounted to more than b [ler cent of the apiiari'iil dilference 
111 tc'inperalure should be refused as incorrect As to the di'ter- 
niination ol the size of Hk' juires of the cokt‘. Dr. Lollh'r referred 
to a series ol tests he h«id carried out in ordc'r to characterise the 
distribution of the pores of the coke. The usual methods of deter- 
mining the v'olume of the pores only gave the total volume of the 
pores without taking an\' ac’count of their distiibution P>y satu- 
rating a piece of th(' c'oke with a liquid wath a ci'rtam power of 
refraction of light, and then placing this piec e in a second licpiid 
with a known power of light refraction, differing from the' light 
refraction power of the first liquid as mudi as ]Kissil)le (the two 
liquids must be mi.sciblc' with each oLlic'r), it wais jiossible to olitain, 
by taking rcfractometer values at c'e.rtain mtc'rwLls, a curve charac- 
Lc'rising the distribution ol the pou's in the ])ic'ce of coke. If the 
pores were few, but large, the two licpiids would mix with each other 
very rapidly, and the finnl value of refracticju could be taken soon. 
If, however, the pores were numerous but small, the' mixture would 
proceed very slowly and the refractometcr values would change 
very slowly 

Dk. H. P>. Croxsiiaw (Great P.ritain) emailed attention to a method 
of truck sampling of coal which he described as the pipe method 
Probably others had used this method before, and if so, he would 
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like to have their eriticisms of it liecaiise it was a very convenient 
and fairly rapid method, and was in use fairly extensively, he 
believed, in the United State's lie had liad occasion recently to 
make a rajad survey ovc'r a very wide area of the coals available' 
for a spc'cific ])ur])ose, and hatl found that a salislactorv comparison 
of the f^eiK'i al characteristics of coals could be made by building U]) tlu' 
seams from tlu' coal loaded into the trucks and ti'sting an average* 
sample* It could the*n be* take*n that the ash would be at a minimum 
and the volatile's at a maximum These and otlie*r data enable*el 
a mimbe*r of coals to be* e liminated, anei the re*st could then be sub- 
jected to ruejre* juecise* sampling bv a combination of (1) iinder- 
gremnel sectioning, and (2) samjihng fremi the truck bv the jupe 
method, whe'rebv a 3-m. pi])e*, 4ft long, was driven into the* truck 
of eoal at suitablv cheisen jiennts, the* J)1]k* conte'uts being then 
heaped togi*tlie*i and reduee'el in bulk in the usual manner As 
regards the iN’pe of erucibk* use*d feu making coking tests, he had 
re])lac(*d, for mduslrial purposes, the* usual lirecla\’ e rucible b\' silica, 
as the* drawback in the* case* eif lire*clay was that the weight eif the* 
('rucible was subject tei N'aiiatieuis ejue* to abseirbtion of moistiiie* 
and the* proeliicts eit combustion h'urthe'i, with the silica crucible 
the rate eit lu'at transmission was niiuh more ra|')id In the case of a 
stiongK’ swc'lliug e'oal, when a sihe'a vc'ssel was usc'd, there was 
dange'i ol loss owing to a sudden e'volution of gas, and in ordc'r to 
obviate* this he had dejiarted trom the usual jiracdice of inserting 
the cruciblc*s dire('tl\' into a furnac'c* heated at a high tempe^rature 
and had adopted the jilan of reducing the* teinpe'rature at the* start 
to, sav, ()00 '(. , and then raising it gradualU' to 800 (' ()ve*r a period 
of half an hour, thus obviating jiossibihty of loss due* to too rapid 
hc*ating at the start Aneither advantage of this method was that 
it enabled one to compare the* swc'lling powers of the coal Another 
matter was that it was useful to know the softcuiing tem}:)eralure 
of coals, this might be done b^' powdeiing the coal, moulding it into 
liyramid form, raising the* te'mpe*rature m an inert atmosphere, and 
tluui noting the* tc*mpe*rat ure at which the cone* bi*nt. In the 
author’s laboratory Dr G S llaslam had evolved a mcjdification of 
Dr Foxwell's ajijiaratus for measuring the* variations in resistance 
to flow of an inert gas offered by coal when being heated at a j^ire- 
scribed rate The i i*sults were of considerable assistance in choosing 
coals suitable for gas jiroducers and fejr low-temperature carbonisa- 
tion processes with internal heating Also, Dr Cronshaw had 
designed a laboratory retort by means of which it was possible to 
follow the physical changes in a charge of coal during carbonisation 
Dk h' V Tidkswkll (Great Dritaiii) stressed the importance of 
ultimate analysis of coal, because this gives the truest guide, so far 
as availal)le, to the nature of a coal and, indeed, to its utilisation, 
a fact which ]H*rhaps was not yet generally realised. Ultimate 
analysis would be of great importance in the future in the technical 
classification of coals. In .several pajiers it had been stressed that 
the ash content of a coal was not the mineral matter which accom- 
panied the coal Actually, the ash content was considerably lower 
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in amount than the mineral matter; therefore, it followed that the 
acceptance of such a low value affected materially the value of deter- 
minations calculated on the ash-free coal as compaix^d with on the 
pure coal That had been realised for many years It was shown 
by Parr how the correction could be applied to the ash to enable 
the caloriiic value of the coal to b(‘ referred to a true' coal material. 
That work seemed to have been forf^otten, because in noiu' of the 
papers was Ihere an}’ reference to any method wliicli would enable 
us to refer any di'terminations made back to the true coal material. 
Actually it w'as not difficult to do so It wms possible to apply a 
fairly simiile (‘orr(‘ction to the ash wdiich would (‘liable an ad(‘(]iiate 
correction to be made' lo tlu* valu(‘S obtaiiu'd and to relcr them back 
to tlu“ true coal mati'iial. The mat(‘nals of the mineral matter 
w(*re most!}' the ( la}'s and shales whidi (ontaiiu'd water ot con- 
stitution That watcM of (oustitution was a diifieultv because it 
was a \ariable amount, and it W'as impossible to determuu' its 
amount m any parliculai ease without a gi(‘at deal of troulde It 
was, h(_)W(‘\’er, [lossible to make an estimate' of it, and ti lif^ure' ol 9 
per cent seemed ade'epiate Actually, it xaneel from 5 to 15 per 
cent., and generallv be‘twe‘e‘n 7 and Id ])e‘i eeMil 11 one assumed 
that there w^as prese'ut m the clays and shales ae comiiaiiyiiif.^ ce^als 
water of constitution amounluif^ to 9 ])(‘r ee‘nt ol then wa'i/^ht, that 
W’ould ;:(i\’e' on the ash that was le‘h. wluedi W'as 91 ])e‘r ce'iit , .i correc- 
tion amount m^^ to 10 pev eeMit , and that addition to the‘ shale a.sh of 
10 per cent, would (’orree t satislae torily tor the wate'r ot constitution 
The' remamiiif; constituent w^hicli gave trouble was the presence of 
iron })}'rites, and a e'orrection could be made tor that Ae cording 
to Parr an addition (»1 hall the total sulphur pre'sent would give an 
adeeiuate* correction tor the piosence of ])vrile‘s, but he* jireferred 
to use the' iron content and make' ,i collection of 4, 7ths of the* iron 
content The fmal corree ted value is nnneial matter=l l ash-j 
4/7 Pe 4'hat had be'en found to give an adeepiate collection both 
theoretically and jiracticalU' The remaining constituents of the 
ash, such as carbonates oi other iron salts, could be correcti'd for 
sejiaratclv. 4'hat, howx'Ve'i, was not necessary because the correc- 
tion of lb pel cent, for the water of e'onstit iition satisfactorily and 
adequately made a correction for the carbonate or iron salts which 
were present Inter-actions occurred in the ash which made it 
unnece.ssary to go to greater accuracy, and unless there were me^re 
than 5 to 10 per cent of carbonate present it was unnecessary to 
make a separate corre'ction This method had been worked out 
not only for research application but to meet the requirement of an 
accurate estimation of the* carbon in coal The total range of carbon 
content in coal of the bituminous type was of the order of 16 per 
cent., from 78 to 94 per cent., and it followed that an error of J per 
cent in the carbon was of material importance Lindoubtedly, in 
the first place, sample's should be asked for as free from mineral 
matter as possible, and when that had been carried to its limit it 
was necessary then to apjdy the correction he had mentioned He 
did not think the correction method w^as too difficult to apply to 
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commercial work. The only other determination that was required 
after those normally made was of the iron in the ash, and that was 
a very rapid ])rocess, involving the .solution of the ash in sulphuric 
acid and titration by one of th(‘ usual methods. 

As to the oxygen content, it bad been urged that the direct deter- 
mination of tlie oxygen content was urgently required, but he had 
never considered that it had the great value sometimes attributed 
to it I'he main error in oxygen determination by difference was 
not in the determination of hydrogen and carbon and other con- 
stituents, blit the error belonging to the ash, and when a direct 
determination of oxygen had been mad(‘ it would still be essential 
to apply the correction mentioned for the mineral matter jiresent. 

Mk a. Wdrslkv (fireat 1 hit a in) remarked that whatever .system 
of analysis was adopted should be acccjitable to the commercial 
world, i)oth to sellers and buyers If dry coals and hydrous coals 
were luni])(‘d tog(*ther it would ])ass the wit of any cluMiiist to devise 
a system which would be acceptabh* to the jirodiicers ami ii.sers 
of both types of coal By the existing mi'lhod of analysis, lignites 
showed alow value on account ol lhi‘irhigh moisture ( ontent, whereas 
if the dry method of analysis w(‘re n.sed, air-dried lignites would bi‘ 
found to come iij) the scale and would appi'ar to possess a value 
which they never realised when used That w.is (\sp(*ciallv a 
climatological matter In the ca.se of a v(*ry diy ( limati', sucti as 
that of Spain in suinmer tiiiK*. it would be found that lignites freshly 
brought to th(‘ surfaci' had a very high moisture conti'nt and a low 
carbon content, but, uikUt the inlliuMKe ot dry and hot winds, this 
lignite lost a large (juanlity of water, and whcai it arnvt'd at the 
consumer’s premi.ses it was in a dryer condition than whi'ii it was 
first analysed. 

'I'o maintain the classification of dry and of hydrou^i loals it might 
be advisable to use a standard which allow^ed hydrous co.ils to 
contain 20 per cent moist un* (with an up and down scale for di^er 
and wetter grades), tins being the TiiiniTuum of w-atcr tliaf air-dried 
hydrous coal was likety to hold Wetter lignites w^ould haye to add 
extra bulk to make up for shortage of dry wt'ight , whereas artificially- 
dried lignite could be subject to the dry coal standard without 
.special jirovi.so. 

Hkkr F. zuk Nicdiucn (Germany) sjioke of some danger in apjilying 
the usual methods of drying in testing liguitie coals because the 
residue, owing to its rapacity for absorbing gases, often showed a 
tendency to re-increase in weight after a ((‘rtain degree of dryness 
had been reached He furtluT thought it would be wise that a 
motion should be brought forw^ard informing the National Executive 
Committee that it was the wish of the Conference that it should take 
in hand the question of international agreement on te.sting methods. 
Tn doing so, it would be advisable to go forward step by step 
Several national organ i. sat ions W'ere already considering this matter, 
and probably the Americans had gom' farther than any other 
nation. At the moment, perhaps, it w^as too much to expect that 
international agreement could simultaneously be reached on all 
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methods of testing fuel, but ho was expressing the view of the 
German National Committee when he asked the International 
Executive of the World Power Conference as a first step to en- 
deavour to find some means of international agreement as regards 
calorific value In tliese circumstances he submitted tlie following 
motion: 

Whereas then* is no uniformity in tlit' practical ajiiilication of 
the gross or net calorific value of fuel, solid, liquid or gaseous, 
either within the several countries or as betwe^en the jiroducers 
and consumers of the fuel, or mternatioually, and Whereas such 
uniformity’, as convincingly iioinled out in Pajier G3 and other 
papers, is considered to be most desirable for correctly comjiar- 
ing efficiencies and fuel costs; He it resolved that the Inter- 
national Executive Council ol the World Power Conference 
shall exert every (‘ffort to ensure international agreement on 
these matters 

Mr C. E le Maisfre ((ireat Hrilain) said that as an ordinary 
member of the Conf(‘rence, he had much pleasun' in seconding the 
motion. Whilst doing .so as an ordinary mtanber of the Conference, 
he could not quite divorce* himself from the fact that he was taking 
some part in co-ordinating (‘Fl’orts in this country along exactly the 
lines suggested in the motion, and he th(*iefore suggi'sled that in 
sending this motion forward to the Execulivi* Council it should 
be stated that as the standardi.salion organisation in this country 
had been working for practically a year on this matter it would be 
quite prepared, if the International Executivi* Committee thought 
it right, to prepare an interim n'jiort on the jiresent position and 
also to act as the centre for the gatlu'i'ing aiul (‘.\change of ideas 
from the various bodies 

Dr. K Ci'SSiNi; (Great Hritain), supporting the jiroposal, said that 
international agreement on methods of analysis was absolutely 
essential A great deal of work had b(“en done in (ireat Hritain by 
the Hritish Engineering Standards Association and jireviously by 
the Fu(*l Research Hoard Tests of calorific value were of very 
great importance, and it might be that their standardisation would 
be the easiest starting point He also sujiported the suggestion of 
Mr. le Maistre that the work that had been done by the B.Jt S A. 
should be collected in an interim report which by no means need be 
regarded as final, but would be subject to further discussion. This 
should be submitted to the other co-operating countries and their- 
organisations for their comments and, if possible, aiiproval, with a 
view to final international adoption 

Dr E. W. Smith (Joint Technical Secretary) said, on behalf of the 
International Executive ('ouncil, that this motion could be accepted, 
but not with the addition suggested by Mr le Maistre It must be left 
to the International Council to handle this matter m any way it 
thought fit. It had a responsibility to all other nations which were 
not ncces.sarily repre.sented that afternoon, and if the H.E.S.A. 
would trust the International Executive Council there would be no 
doubt that all the good work that had b(*en done by 1^ E vS A 
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would be taken advantage of. If Mr. le Maistre would wite 
officially on behalf of the B.E.S.A., putting forward the suggestion 
he had made, there was no doubt his suggestion would be adopted. 

Mr. le Maistre said he did not intend his suggestion to be an 
addition to the resolution, and far from mistrusting the Inter- 
national Executive he would willingly accept Dr. Smith's suggestion. 

The resolution was then put to the meeting and declared carried 
nem con. 

Prof. Carlo Padovani (Italy), speaking in French, said that in 
Italy there were only fuels of low grade and it had been extremely 
difficult to get accurate values for moisture content. The inert 
gas method was used, nitrogen free from oxygen ])eing employed. 
He expressed the hope that the World Power Conference would be 
able to bring about standardisation of moisture tests, and added 
that the Italian Fuel Section would be only too pleased to put all 
their results at the disposal of the Conference to help forward the 
work of standardisation. 

Mr. H. van Hkttinge Tromp (Dutch East Indies) pointed out 
that no mention had been made of tests for determining the liability 
of coals to spontaneous combustion, but this was a very import- 
ant matter in many cases. There had been many accidents due to 
spontaneous combustion, and in the Dutch East Indies twenty years 
ago siiontaneous combustum was the topic of the day No generally 
known method existed for determining the liability of coal to spon- 
taneous combustion I'here was the bromium absorbtion method, 
in which bromium was absorbed by the unsaturated compounds of 
the coal; but it was not altogether successful, and what was wanted 
was a method for the commercial man. The problem was studied 
in the Dutch East Indies eleven years ago, and the method devised 
by Dennstedt, Hunz und Schafer, and described in the “Zeitschrift 
fur Angew. Chemie," 1905 and 1912, was developed. This consisted 
of allowing a current of oxygen to pass through a IT-tube with some 
very fine coal. The whole apparatus was immersed in a bath of 
oil and the rise of temperature was read off on a thermometer as the 
oxygen passed through the coal. In this way the spontaneous 
combustion temperature of some twenty different coals was worked 
out, and the danger graded by means of the "initial" temperature 
and "initial" curves determined. 

The meeting closed with a cordial vote of thanks to the Chairman, 
Vice-Chairman, authors of papers and speakers in the discussion. 
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COAL TREATMENT 
(a) CLEANING (b) DRYING 
(c) BRIQUETTING 


Cl CLEANING BITUMINOUS COAL. 

C 2 THE DRYING OF BROWN COAL WITHOUT BREAKAGE 

C3 THE DEWATERING AND DRYING OF COAL, 

C4 THE CLEANING OF SMALL COAL 

C5 THE CLEANING OF COAL BY FROTH FLOTATION. 

CG THE PRINCIPLES OF PNEUMATIC SEPARATION, WITH A 
DESCRIPTION OF THE STATIC DRY WASHER 

C? THE DRY CLEANING OF COAL 
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Washability Studies 

The term washability of coal was coined when washing was the 
universal method of separating coal from its impurities by utilis- 
ing their difference in specific gravity. This and analogous terms 
arc still used in their broad sense, although pneumatic separation 
is now used to clean coal. These terms are so used in this paper. 

Too much time or money can hardly be spent on feed surveys to 
get a picture of the coal that is to be cleaned. There have been 
too many rule of thumb methods used. Screen analyses and sink- 
and-lloat tests on the raw coal enable the coal operator and 
washery man to predict within reasonable limits the results that 
may be expected from any efficient cleaning apparatus. 

The sizes to be examined to get the picture are optional to the 
investigator, but a good picture of the coal may be obtained by 
the following screen analysis : — 

4 to 1^ in.; IJ to i in.; ^ to Vic in. to 14 mesh*; 14 to 28 

mesh ; 28 to 48 mesh ; 

and for very complete data on the fines : — 

48 to 100 mesh; 100 to 200 mesh; and through 200 mesh. 

* Throughout this paper screen sizes are Tyler standard and are round- 
holed above 14 mesh, square-holed below 14 mesh. Tons arc 2,000 lb. 
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Sink-and-float tests are made on all the fractions down to 48 
mesh at the different gravities and a composite calculated. The 
minus 48 mesh is calculated into the cleaned coal results in its 
original state unless oil flotation is being considered as an adjunct. 

The range of gravities used in testing is important and may start 
at 1.3 and end at 2.0. The lower gravity will show the inherent 
ash and sulphur in the coal and the higher gravity will determine 
the character of the rock end. A sufficient number of gravity 
fractions should be made to determine the character of the inter- 
mediates, especially the middling or bone product, which is very 
often the cause of much grief. 

The washabilit}’ of any given coal is directly determined by the 
washability curves thus set up. Interpretation of the curves is 
highly important. Sharp breaks in the curves tend to show a good 
washing proposition at the gravity where the break occurs, and 
the break shows a small proportion of tonnage within a wide 
gravity range. Another factor in the washability study, always 
well recognised, is the effect of crushing for liberating the im- 
purities, especially in metallurgical coal. 



J est procedure . — The total sample is quartered’so that it can be 
conveniently handled and is then sized over standard screens. 
The results of the sizing test are tabulated to show the screen 
analysis with the ash and sulphur content of the respective sizes 

(Fig. 1). 

The results of the respective float-and-sink tests on each 
separate size are tabulated on the form accompanying each 
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washability curve (Fig. 2). The columns giving weight per cent, 
and ash or sulphur per cent, give direct test data. The cumulative 
weight and ash or sulphur per cent, columns, both float and sink, 
are obtained by the usual calculation of cumulatives. 

Washability Curves . — The float-and-sink data with analyses are 
then plotted on the corresponding washability curve (Fig. 2) with 
ordinates and abscissae as noted on this form. The curves then 
represent the following information, regarding either ash or 
sulphur, with an ash curve taken as an example. 

TEST ON 4 in. MODIFIED, FROM ELKHORN SEAM, LETCHER 
COUNTY, KY 


Sampling and Peculiarities of Sample: 

Coal is fairly hard and tends to break in blocks The rock is grayish, 
conchoidal and fairly hard 




! 

j 



Wt. 



1 

1 


Sul- 

per 



; 

Wt. 

Ash 

phur 

cent. 



Wt. 

per 

per 

per 

of 

General data. 

Sizing tests 

lb. ! 

cent, i 

cent. 

cent. 

sample 

Total weight of sample: 

Over 4 in. 

55-75 ' 

8-41 i 

12-10 


8 41 

663 lb. 

Volatile matter, per 

4 to 2 in. 

138-00 

20 82 ! 

7-24 


20 82 

cent.: 36'5* 

2 in to 0 
Total and 

469 31 

70 77 1 

11-64 



•On 1*3 to 1 -4 sp. gr. 

average 

663-06 

100-00 

10-76 



fraction of "’/la in. 
to 14 mesh size. 

2 to 1 in. 

36-625 ! 

29-42 

11-16 


20-84 


1 to ' j in 

52-750 I 

42-36 

11-81 


29-99 


'■/n, in. to 0 
Total and 

35 125 

28-22 

11-85 




average 

124 500 

100-00 

11-64 




Through 
in. Over 1 4 

1 

Gms. 1 






mesh** 

1399 

71-84 

10-70 


14-32 


Through 14 
mesh** over 

1 






28 mesh 
Through 28 

230 

11-82 

13-20 


2-36 


mesh over 48 
Through 48 

137 

7-04 

13-90 


1-41 


mesh over 
100 mesh 
Through 100 
mesh over 

90 

4-63 



0-92 


200 mesh 
Through 200 

45 

1 

1 

2-31 

17-40 


0-46 

0-47 


mesh 

46 j 

2-36 



*•14 mesh is eqi valent 

Total and 

1 





to ^/i(i io. round 

average 

1947 ' 

100-00 

11-85 



hole screen. 

Grand total 
and average 

i 

I 


10-76 


100-00 






L 

. 
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Curve 1, which is the cumulative float ash per cent, curve, re- 
presents the variation of ash per cent, according to the recovery. 

Curve 2 represents the variation in ash per cent, of the material 
with variation in gravity at which separation is made. 

Curve 3 represents the cumulative sink ash per cent, according 
to the same recovery as Curve 1. 

Curve 4 represents the variation of recovery according 
to specific gravity. 

Separate curves may be made for each size, but it is unnecessary 
to show such curves in detail, for they have often been shown 
and described elsewhere. As an example, a composite curve 
(Fig. 2), for an Elkborn, Kentucky coal from 4 to in. is 
shown, which gives a picture of what may be accomplished in the 
way of ash reduction and recovery. The sharp breaks in the 
curves show where economical washing should be done. With 
a recovery of about 90 per cent, the raw coal is reduced from 
10.31 per cent, ash to below 4 per cent, ash in the washed coal. 
The rock end or refuse shows about 62 per cent. ash. The 
necessary tests were made by the American Rheolaveur Corpora- 
tion. 
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Other curves might have been shown if space permitted, to show 
how the preliminary survey by constructing washability curves 
indicates that fine crushing would improve the washing. Similarly, 
the possibility of sulphur reduction can be found by making the 
curves, but substituting sulphur for ash content. 

We have been criticised sometimes for “washing coal on paper 
with curves” instead of in practical test plants. The author has 
made many practical tests and has found that practical tests do 
not always bring out all the facts on the washability of a given 
coal, and often lead to wrong conclusions; therefore, he prefers 
to “wash on paper” first and then see if the washing equipment 
measures up to the standard The theory must precede the 
practice. 

FLOAT AND SINK TESTS ON 4 m. MODIFIED FROM ELKHORN 
SEAM. LETCHER COUNTY. KY. 

ASHiRESULTS 

Size; Composite 4 — in. Curve No. E-2 





CUMULATIVE 

FLOAT 

SINK 

Specific Gravity 

Weight 

per 

cent. 

Ash 

per 

cent. 

Weight 

per 

cent. 

Ash 

per 

cent. 

Weight 

per 

cent 

Ash 

per 

cent. 

>1-30 

63-68 

2-04 

63-68 

2-0 

100-00 

10-31 

1-30— 1-40 

22-65 

6-10 

86-33 

3-1 

36-32 

24-80 

1 ■40— 1-50 

190 

19-27 

88-23 

3-5 

13-67 

55-80 

1 -SO— 1-60 

1-30 

28-00 

89-53 

3-7 

11-77 

61-80 

1-60— 1 90 

3-32 

43-40 

92-85 

5-2 

10-47 

66-00 

>1-90 

1 715 

76-40 

100-00 

10-31 

7-15 

76-40 

Total 

100 00 






Average 


10-31 





Used to plot curve No. 00 

4 

2 

1. 2*& 4 

1 

3 

3 


Curve 2 (Fig. 2) is an important factor in determining the 
washability of any coal. If it flattens out fairly well, the coal will 
wash easily, but if it comes down rather straight, the washery will 
have trouble. This curve indicates the material which, based on 
the law of probability, will sink or float at definite gravities. It 
might be called the material in the “twilight zone,” or the “teeter 
column ” In other words. Curve 2 shows the character of the 
heaviest particle of material that will remain in the washed coal 

•The ordinates are the means of successive pairs of float, the first ordinate 
being the mean of first weight and zero. 
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or the lightest that will go to the refuse at the various washing 
gravities or recoveries. 

Sulphur in Coal 

The forms of sulphur in coal are generally recognised as organic, 
pyritic and sulphate. Simmersbach was an early investigator of 
these forms. Parr and Powell have made valuable contributions 
to the literature on the subject. Recently, industrial chemists and 
engineers, like Russell, of the Youngstown Sheet and Tube Co., 
and Morrow, of the Pittsburgh Coal Co., have gone into the 
practical aspects as applied to coal washing. 

Morrow^ has set up some data tending to show that there is, in 
some cases, a concentration of organic sulphur in the middlings 
which makes it susceptible of removal in washing. This is con- 
trary to the old idea that organic sulphur is not removed by 
washing. 

Pyritic sulphur is in the form of iron sulphide, pyrite or mar- 
casite (FeSa). The decomposition, or weathering, of sulphur balls 
seems to indicate that marcasite is more prevalent than pyrite. 
This has some bearing in coal wa.shing, in making the circulating, 
or wash water, acid in character ; however, it is a way of sulphur 
removal by the wet process and may partly account for the use of 
a factor in determining the practical sulphur results from sink- 
aiid-float data. 

Formerly, it was believed the FeSg was changed to Fe^Sg, a 
magnetic sulphide, during the coking process, which eliminated 
about 43 per cent, of the sulphur. The fact that the sulphur balls 
found in coal become highly magnetic when put through the 
coking process probably led the early investigators to this con- 
clusion. Now Dr. A. R. PowelP writes positively that straight 
FeS is formed during the coking process, with a deposition of 
solid sulphur, which makes the new compound magnetic. 

Sulphate sulphur is in the form of calcium sulphate and iron 
sulphate, the latter being caused by oxidation. The percentage i.s 
invariably small. Organic sulphur contains both humus and 
resinic sulphur; the resinic ranges from 25 to 40 per cent., the 
humus from 75 to 60 per cent. 

The forms of sulphur in the coal apparently have little effect on 
the percentage burned out during by-product coking. The organic 
and pyritic sulphur seem to behave much alike. The percentage 
of sulphur volatilised varies from 35 to 45 per cent, from a 
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practical standpoint, depending on conditions. Thus, we may 
reasonably expect the sulphur in the coke to be a few points lower 
than in the raw coal. This ratio is dependent somewhat on the 
volatile matter in the coal and the consequent coke yield. 

Table I gives forms and distribution of sulphur in the Pittsburgh, 
or No. 8, seam of coal in the Pittsburgh district, Pennsylvania. 

TABLE I.— FORMS AND DISTRIBUTION OF SULPHUR IN THE 
PITTSBURG SEAM 


Mine 

A 

per 

cent. 

B 

per 

cent. 

C 

per 

cent. 

D 

per 

cent. 

1 E 

i 

1 cent. 

1 

i 

G 

per 

cent. 

Organic Sulphur . . . 

0-64 

0-59 

0-56 i 

0-62 

0-64 

0-71 

0-65 

„ Pyritic ... 

1-26 1 

0-38 

1-26 

0-36 

I 0-46 

1-39 

0-74 

„ Sulphate 

0-02 

0-02 

002 

0 02 

0-02 

0-02 

0-02 

Total 

1-92 

0-99 

1-84 

1-00 

1-12 

2-13 

1 41 


Methods of Washing Coal 


The principle underlying the separation of impurities from coal 
in all important processes is the difference between the specific 
gravities of coal and refuse.® There are two very active schools 
for cleaning bituminous coals in America, pneumatic (or dry 
cleaning) and wet washing, with water.* Very lately there has 
sprung up a compromise school, advocating a duel process. The 
author mentioned the possibilities of a dual system as early as 
1919. 

Figs. 3 and 4 are simple flow sheets of a complete wet- washing 
plant and a typical dry-cleaning plant. In Fig. 4, Y=fiill-Wye; 
HY=half-Wye; YA=split-Wye. 

Forbes® gives the following advantages of the two systems : — 

“For water flotation — ability to treat greater variation in size, 
in other words, to treat as small size as, and larger size coal than 
air flotation ; ability to treat coal in greater range of sizes in one 
operation, resulting in less screening required.” 

“For air flotation — avoidance of added expense on account of 
added moisture either for transportation of the extra weight, or 
for evaporation in use.” 

He then gives an example of wet washing, “where, in order to 
secure as low ash as possible in the coking coal, the bone or 
intermediate coal was also removed in the washing and used for 
boiler purposes.” In concluding, he says, "that all of the treating 
processes will provide a more uniform product by reducing the 
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ash and sulphur content, and that a combination of the wet and 
dry systems would give better results on some coals than either 
all wet or all dry processes on the same coals. Therefore each 
installation must be considered separately, and the best process 
selected to obtain the results desired, considering at the same time 
the added installation and operating costs.” 



Fig. 3. 


Rheolavenr . — The latest development of the launder washer is 
the Rheolaveur (current washer), which embodies the features- 
of simplified rewashes^ refuse draw-offs and a regulating product 
(or fly wheel), all of which makes it efficient with high capacity. 
On larger sizes, to ”/64 in., a going plant shows 150 to 200 
tons per hour on a 32-in. launder. On fine sizes, Vie to 0 in., the 
rated capacity is 50 to 60 tons per hour. A complete plant under 
construction in the Pittsburgh district for bituminous coal has a 
rated capacity of 500 tons per hour on two 48-in. primary 
launders. 
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Jigs . — Two types of jig^s have carried the burden of bituminous 
coal washing in America for a good many years ; the basket type 
and the overflow type. The overflow type may be either single or 




Fig. 4. 

multiple compartment, and makes its own bed or has an artificial 
bed of feldspar. 

Concentrating Tables . — Jigging fine coal presents some difficulties 
and for that reason considerable attention in late years has been 

31S 





COAL TREATMENT 


given to wet concentrating tables for handling fines. The prin- 
cipal tables are the Campbell bumping table, the Overstrom table, 
the Deister-Overstrom table and the Deister Machine **Plato” 
table. The chief difficulty of the wet tables is their low capacity 
on fines, varying from 5 to 10 tons per hour. 

Bird and Yancey® propose to increase both the capacity and 
efficiency of wet tables by classifying the feed hydraulically in- 
stead of mechanically by screens. This is a step in the 
right direction, and it will be interesting to follow the commercial 
developments and see what this step adds to the cost of tabling. 

The wet table is sometimes used as an auxiliary to a jig plant 
where the fines have to be treated, and the combination makes a 
good dual plant. Wet tables may also be used as complete 
installations where fine crushing is necessary. 

Tubs and Cones . — The Robinson-Ramsay tub exemplifies the 
tub method of cleaning coal. The Chance cone uses a fluid mass 
of sand and water as the flotation medium. So far as known, 
there is only one installation on bituminous coal. The fines are 
by-passed the cone, which is similar to anthracite practice. Paul 
Sterling tells something about this and other cleaning devices 
used in the anthracite region.^ 

Hydraulic Classifiers . — Recently the Menzies Hydro-Separator 
has made its appearance in bituminous practice, especially in 
Southern West Virginia, It was originally a development in the 
anthracite district of Pennsylvania, where it is used on steam 
sizes. The sponsors for the machine in bituminous practice claim 
that it will handle all sizes from egg to slack with a capacity of 
25 to 40 tons per hour. The egg size is up to 4 or 5 in., which, it 
is claimed, would eliminate hand-picking. 

The Dorr machines are valuable adjuncts in wet washing. 

Dry Cleaning . — The accepted methods of dry cleaning are hand 
picking, mechanical pickers and spirals, Bradford breakers and 
dry tables. We will concern ourselves only with dry tables. 

The author's first experience with dry tables was in Dubuque, 
Iowa, about 1914, where W. W. Bonson had the first dry coal 
tables. Later, the author spent considerable time at the parent 
plant of Sutton, Steele & Steele, in Dallas, Texas. The American 
Coal Cleaning Corporation, Welch, W. Va., later acquired the 
rights to use the Sutton patents, and built the third dry plant in 
the country at McComas, W, Va., for the American Coal Co., 
under the direction of a large construction company. 
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The Wye table has been developed by the parent company. Close 
pre-sizing is needed to obtain the best results. The rated capacity 
of the Wye table is as follows : — 


Size, in. Tons per hour. 

3-1 70 

I-l 50 

W 35 

f-0 20 

Dry tables have also been devised and plants built by Roberts 
and Schaeffer Co., Chicago, 111., Heyl & Patterson, Inc., Pitts- 
burgh, Pa., Peale, Peacock & Kerr, St. Benedict, Pa. 

Dry cleaning has many logical applications, but after close ob- 
servation of going plants, the author is satisfied that a modern, 
well-regulated wet-washing job has a higher efficiency than a 
dry-table job, and for that reason wet washing must be used in 
difficult metallurgical operations where sulphur is the important 
factor. 


Methods of Drying 

As Forbes'’ points out, the sole advantage of dry cleaning is 
“avoidance of added expense on account of added moisture, either 
for transportation of the extra weight, or for evaporation in use." 
In view of this, attention is being given to drying the coal from 
wet washing. Washed coal is de-watered by various methods, 
the principal ones being : de-watering elevators and screens, 
drainage bins and pits, centrifugal dryers, filters and presses, and 
direct heat dryers. 

The general scheme is : (a) to de-water the top sizes above i in. 
or f in. by natural drainage; (fr) centrifugally dry the ^ in. to 
48 mesh and (c) dry the slimes (48 mesh to 0) by heat, and thus 
obtain a wet- washed coal that is sufficiently dry for all ordinary 
uses. 

Centrifugal dryers have been in use for several years. The 
latest development is the Carpenter dryer, used by the Colorado 
Fuel and Iron Co. This dryer has a rated capacity of 75 tons per 
hour, and will reduce the moisture to 5 or 5.5 per cent, if the fines 
are not excessive. The cost is not high (about $0,025 per ton) 
and is distributed as follows : depreciation (10 per cent.) $0,007; 
power $0,010; maintenance $0,008. 

Heat drying of the sludge, or slimes, 48 mesh to 0, is a new 
development in the art, and operating data are not available at 
present. The operating cost is estimated at from 5 to 8 cents, per 
ton, depending upon the character of the fuel used, which in most 
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cases may be a secondary coal recoverable from the refuse, but 
since the tonnage is small (usually not over 5 per cent, of the feed 
coal) the net cost is low. 

A bituminous wet-washing plant now under construction in the 
Pittsburgh district will develop all the above methods of drying. 

It is the feeling among coke-oven men that the extra heat re- 
quired to evaporate moisture is not so important. This must be, in 
view of the facts. To evaporate 1 lb. of water from and at 60°F. 
required about 1,100 B.Th.U. To superheat the steam to stand 
pipe temperature raises this to about 2,500 B.Th.U. About 1,200 
B.Th.U. are needed lo coke 1 lb. of average coal in a by-product 
oven ; 1 per cent, of moisture would require about 25 B.Th.U. ; 
1 per cent, of moisture would replace 1 per cent, coal (requiring 
about 12 B.Th.U.), so that the net change in heat requirements 
would be only 13 B.Th.U. 

What coke-oven men do object to is coal dripping v/et, on the 
grounds of reduced oven capacity and possible effect on coke 
.structure; objections which can largely be removed by modern 
methods of drying wet-washed coal. In certain other cases, good 
by-product practice demands a coal containing moisture, and 
sometimes water has to he added. For instance, swelling coals, 
which cause stickers and a deposit of carbon, demand a moisture 
content of 5 to 6 per cent. 

Sludge Recovery and Water Clarification . — The recovery of 
slimes is not the bugaboo it once was. Fines in water can be 
definitely collected by means of Dorr thickeners and filters and 
then heat-dried. The underflow containing a fifty-fifty mixture 
of solids and water can be further dehydrated by filters to 15 to 
20 moisture and the cake sent to direct heat dryers. The water 
is clarified for re-use.^ 

Dust Recovery . — Dust recovery presents a more difficult problem. 
The methods employed are (a) cyclone dust collectors, and {h) 
baghouse collectors. In going dry-table plants in the Pittsburgh 
and West Virginia districts equipped with cyclone dust collectors, 
the dust problem has not been completely solved. It is compara- 
tiv^ily easy to get the dust out of the plant, but it goes elsewhere, 
and in some cases becomes a nuisance to the inhabitants of the 
mining camp and lo the farmers. 

The American Coal Cleaning Corporation, Welch, W. Va., has 
taken a long step to mitigate this evil by the use of baghouse 
dust collectors. This system is more expensive than cyclone 
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dust collectors — about double the cost — but at the plant thus 
equipped at Berwind, W. Va., little or no dust was escaping 
through the bags. 

Washing Efficiencies 

One of the most important parts of a washing job is to determine 
the efficiency. We start the picture with a washability study of 
the coal to be cleaned^ based on sink-and-float tests ; therefore, we 
must logically end as we began. 

Efficiency of washing based on sink-and-float test is determined 
by Drakeley’s formuke, which are as follow : — 


Qualitative Efficiency — 100 


Washed coal float- -feed coal float 
100 — feed coal float 


Feed coal float — 


Quantitative Efficiency = 100 x — 
Using the following figures. 


Feed coal (100) ... 

Washed coal (88*4 per cent ) ... 
Refuse (1 1 ■() per cent ) .. 


Per cent refuse refuse float 
100 


Feed coal float 


Ash 

per cent 
H) 12 
7 08 
80-20 


00 — 


Quantitative Efficiency = 100 ^ 


1 1-7C 

100 


Float 

1-95 Sp Gr. 
per cent 
90 00 
98-70 
1-76 


^ 100(98-70-90 00) ^ 

Qualitative Erhciency — ' ■| 0 ()J.Z 90 ~ — 87-0 per cent. 


900 


-= 99 70 per cent. 


A rough approximation of the quantitative efficiency is to 
multiply tlie percentage of reject by the percentage of good coal 
in it and subtract the product from 100. A good many practical 
men simply use the multiplicaton and call the product “loss of 
feed coal” or “bank loss.” This, perhaps, is the practical way of 
arriving at the cost of bank loss. 

A standard of 85 per cent, for qualitative efficiency and 99.5 
per cent, for quantitative efficiency, if the total reject is not 
excessive, is not too high. 

For plant control, the author uses the Delatester (Fig. 5) because 
it is a standard machine for making sink-and-float tests in the 
plant or laboratory. After a sufficient number of these tests have 
been made to determine the character of the products produced 
by the washer, chemical analyses may be relied upon to give suffi- 
cient control. 
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Only one gravity should be used in testing, and that is the gravity 
of washing. Some investigators use one gravity for washed coal 
and a lower gravity for testing the refuse. This practice is mis- 
leading and leads to wrong conclusions. It would be permissible 



Fig. 5. 

where there is a considerable percentage of middlings near the 
washing gravity. For example, if the washing gravity is 1.50 and 
there is considerable material between 1.40 and 1.60, a better 
picture of the washing results could perhaps be obtained by 
testing the washed coal and refuse at 1.40 and 1.60 instead of 
at the washing gravity of 1.50. Where a dual gravity is used, 
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the results should be converted to a single gravity^ that of 
washing operatioHi before attempting to calculate efficiencies. 

Fig. 6 shows a convenient form for keeping sink-and-float 
data. 


mwllutlf* IfflalNV ■ _ 


kntltoclM irfUlMor - f >r Owl 





Fig. 6. 


Cost of Washing 

The cost of washing may be divided into capital cost and 
operating cost. 

The capital cost of any cleaning or preparation plant is depen- 
dent entirely upon conditions and the work demanded of it. 
Judging from the data at hand, an efficient wet-washing plant, 
complete with all accessories and housing, will cost from $400 to 
$800 per ton per hour. It is the common belief among operators 
that complete dry-table installations are considerably higher in 
first cost. Perhaps it will be fair to say that the air-table plant 
can be built for from $500 to $1,000 per ton per hour, complete 
with all accessories and housing. 

The operating cost may be conveniently sub-divided into labour, 
power, maintenance, depreciation (and interest), loss of input, or 
"conversion cost." 

Conversion cost is considerably more important than many are 
willing to understand. For example^ 100 tons of run-of-minc 
coal costing $1.80 per ton is delivered to the cleaning plant. In 
going through the preparation plant there is a shrinkage of 10 
tons, therefore, there are only 90 tons of market coal that cost 
$180, or $2 per ton. In this case, the conversion cost is 20 c. 


All 
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per ton — a very large item in figuring the costs. It is more un- 
fortunate if the 10 per cent, loss of input should contain a bank 
loss of 2 or 3 per cent, of good market coal. The sure way to get 
real money for coal is to get it into the railroad cars for market — 
not into the little refuse dump car that puts it where it is irretriev- 
ably lost. Bank loss is no misnomer, and is a real factor in washing 
costs. 

Continuing on a percentage basis, the problem may be set up as 
follows ; — 

90 per cent.=$1.80. 

1 per cent.==$0.02. 

3 per cent.=$0.06 (based on 30 per cent, coal in refuse). 

7 per cent.=$0.14 (based on 70 per cent, rock in refuse) 

Thus the 20 c. loss of input cost may be divided into 14 c. foV 
real rock or slate with no value and 6 c. for good coal with a' 
potential value of the full amount, at least, if shipped to market. 
Bank loss should be figured at more than the cost value, for if 
sold at a profit, the washing costs would be reduced. The 
anthracite operator probably is nearer right when he figures his 
bank loss at the sales value. 

In the matter of the total cost of washing, the tendency on the 
part of many manufacturers is to oversell their equipment on this 
point. Coal cannot be washed for nothing, or near nothing, as 
many figure it. The splendid work of estimating engineers is a 
safeguard in this respect. The following are good average figures. 

COST OF WASHING PER TON (500 tons per hour capacity) 


Cents. 

1. Building upkeep ... ... ... ... ... 0*25 

2. Machinery upkeep ... ... ... ... ... 1-40 

3. Labour ... ... ... ... ... 3*00 

4. Power ... ... ... ... ... ... 2-25 

5. General overhead ... ... ... ... ... 1'70 

6. Supplies ... ... ... ... ... ... 0*30 


8-90 

These figures do not include depreciation and interest, which may 
add another cent, or two ; or conversion cost, which is considerable 
in some cases if there is excessive bank loss. Under ordinary 
conditions, coal can be washed in modern and efficient equipment 
for from 20 to 25 c. per ton including all items of cost. 

The cost of washing can be predetermined very accurately from 
the known factors in the washing problem — the washability study 
and engineering data. 
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Results of Washing 

Forbes® shows some washing results which arc undoubtedly 
based on washing the Pratt seam of coal in Alal^ama in a modified 
Elmore compartment jig. The figures of Table II are quoted from 
his paper. 

As is well known in the south, this concern produces three pro- 
ducts : washed coal, boiler coal, and refuse. It will be noted that 
the secondary coal or middlings has practically the same fuel 
value as the raw coal. The coal losses are concentrated in the 
middling product, which makes the refuse clean. The production 
of a secondary coal is not always permissible, especially where 
there is no particular use for it, and for this reason we cannot 
always build washers on such a basis. 

TABLE II.— DATA OF WASHING RESULTS 


Washer 


RAW 

COAL 


WASHED COAL 

Volatile 

matter 

Fixed 

carbon 

Ash 

Sulphur 

Volatile 

matter 

Fixed 

carbon 

Ash 

1 Sulphur 

No. 1 

27-48 

56-85 

15-67 

1-44 

30-79 

65-29 

3-92 

1-09 

No. 2 

27-61 

62-25 

10-14 

1 43 

29-13 

66-23 

4-64 

1-17 

No. 3 

26-51 

60-93 

12-56 

1-59 

28-67 

66 72 

4-61 

1-22 

No, 4 

25-34 

61-46 

13-20 

1-86 

27-77 

67-71 

4-52 

1 1-28 




nOILER COAL 


REFUSE 

Float at 1.37 Sink at 1-37 


Volatile 

Fixed 



Per 


Sul- 

Per 


Sul- 

Washer 

matter 

carbon 

Ash 

Sulphur 

cent. 

Ash 

phur 

cent. 

' 

Ash 

phur 

No. 1 ... 

27-64 

59-31 

13-05 

1-62 

3-9 

3-85 

1-10 

96-1 

70-62 

2-14 

No. 2 ... 

26-00 

59-80 

14-20 

2-00 

4-2 

4-79 

1-27 

95-8 

61-83 

4-67 

No. 3 ... 

26-05 

60-85 

13-10 

2-03 

4-9 

4-92 

1-35 

95-1 

63-33 

4-08 

No. 4 ... 

25-12 

61-20 

13-68 

2-20 

4-7 

4-70 

1-48 

95-3 

56-00 

5-24 


TABLE HI.— RESULTS WITH VARIOUS METHODS AND METALLURGICAL . 

COALS 



TABLE PLANT "a" 

TABLE PLANT "b" 

JIG AND TABLE 
PLANT "a" 

JIG AND TABLE 
PLANT “fl” 

Ash 

per 

cent. 

Sulphur 

per 

cent. 

Ash 

per 

cent. 

Sulphur 

per 

cent 

Ash 

per 

cent. 

Sulphur 

per 

cent. 

Ash 

per 

cent. 

Sulphur 

per 

cent. 

Feed coal . . . 

13-00 

2 50 

11-00 

2.00 

12-00 

2-80 

9-80 

1-66 

Washed coal 

8-80 

1-30 

6-50 

0-90 

8-20 

2-00 

8-20 

1-37 

Refuse 

47-00 

12-20 

29-60 

4-56 

45-00 

11-11 

43-40 

7-90 

Reject, per 









cent. 

11-00 


20.00 


9-00 


4-5 


Seam of coal 

Kitta 

nnings 

Free 

port. ' 

Illinois 

No. 6 

Pittsbur 

gh No. 8 
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The tabulation also indicates that the float in the refuse is 
apparently made on the dual basis, to which there is serious ob- 
jection from a technical standpoint. The float is made at 1.37, 
whereas the washing gravity undoubtedly is considerably higher. 

Table III shows some results from plants covering the other types 
of apparatus mentioned in this paper, all based on metallurgical 
coal. 

The results on the Rheolaveur washer (Table IV) on metallurgical 
coal are shown somewhat more in detail, since such figures arc 
available. The figures are taken from Spahr.® A screen analysis 

TABLE IV.— RESULTS WITH RHEOLAVEUR WASHER ON METALLuVgICAL 

COAL 


Retained on 

Weight, per cent. 

Cum. weight, per 
cent. 

A.sh, per l^ent 

i'll -in. 

0-7 

0-7 

337 

i-in. 

23-3 

240 

23‘2 


39-2 

63-2 

15-5 

48 mesh 

25-4 

88-6 

170 

100 mesh 

60 

94-6 1 

18-8 

200 mesh 

2*6 

97-2 

200 

Through 200 mesh 

2-8 

100 0 ! 

181 


1927 

Figured 
recovery 
per cent. 

WA.SI1ED 

COAL ASH 

REFUSE ASH 

Actual 
recovery 
per cent. 

Actual 
per cent. 

Theoretical , 
per cent. 

Actual 
per cent. 

Theoretical 
per cent. 

Jan. 1 2 to 3 1 

82- 1 

10-20 

9-0 

48-10 

51-1 


Feb. 1 to 15 

82’6 

1010 

9-1 

49-70 1 

1 51-9 


Feb. 16 to 28 

83-2 

10-15 

9-4 

51-20 

53-0 


Mar. 1 to 31 

83-2 

10-17 

9-4 

50-83 ! 

53-0 

81-8 

July 1 to 31 

820 

10-30 

9-8 

49-20 

51-0 

82-6 


of the washed coal shows that the 14 mesh to 48 mesh material 
is washed practically as well as the larger sizes. These results 
are somewhat different from other gravity methods. 

It has not been possible to obtain extensive figures from dry- 
cleaning plants. The results shown in Table V are from a going 
plant and were taken throughout the entire day of August 11, 
♦927. It is the intention of this plant to recover, in the domestic 
sizes, the bone coal which has been crushed from the pickings of 
the lump and egg sizes. 

No data have been given on bank loss. The analyses of the 
refuse will give some indication of this loss to the reader who is 
acquainted with the characteristics of the coal and who knows 
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what the ash in the refuse ought to be at the washing gravity. 
There is, perhaps, a wide range of bank loss — anywhere from 
5 per cent, of float coal in refuse from the best performance to 
40 per cent, of float in refuse from the worst performance. In 
some cases not listed here, washery wastes have shown 30 to 40 
per cent, float coal at the washing gravity. 

TABLE V.— DATA OF ONE DAY'S RUN FROM DRY-CLEANING PLANT 


Clean Coal. Domestic Size, Bone 
left in 


Coal 

Size, in. 

Ash, per cent, 


Nut 

. 2-1 

9 15 


Pea ... 

■ 1-i 

7-26 


Slack 

■ i-f 

6-62 



f-i 

6-23 



i-0 

7-21 




Ash, 

per cent, 

Average 2 to 0 m. clean 

coal with bone left in, 

and pea size 

7-21 

Average 1 to 0 in. clean 

coal with bone left in. 

1 to 1 in size 

7-08 

Average ^ to 0 m. slack 


7-07 

Theoretical ash in coal 



5-50 


Theoretical ash in refuse ... ... 8G 00 

Refuse, 6 per cent, of whole ... ... ... 80 00 

Crude 2 to 0 in. without middlings, but with all bone pickings of sizes 
over 2 in. crushed through 2-in. single roll crusher and added 10-98 per 
cent. ash. 
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rEsum£ 

L'auteur met en lumicre Ics points fondamentaux suivants. dans la prepara- 
tion mecaniqiie des charbons bitumineux 

1. La n^ce.s.site d’etudes de "lavabilitd.” 

2 Le type d’lnstallation correspondant au charbon etudie 

3 Lc controle de la marche de I'lnstallation 

4 Le prix de revient du lavage — tous les facteiirs 

Sous le litre 1, l’auteur dit: Trop de temps ou d 'argent pourrait difticilemcnt 
etre employe pour obtenir une representation ou unc "image” du brut li 
nettoyer Trop de methodes empiriques ont 6t6 en uS^ge La decomposition 
en grosseur (essais de tamisage) et la si^paration k di verses densites (essais 
^de flottants ct d6pos6s) du charbon brut permet au charbonnier de m&me 
qu’au laveur de pr^dire, dans certaines limites, les r6sultats auxqucls on peut 
s'attendre de tout appareil efiicace de preparation. 

L'auteur s’occupe dans une partie de la premiere moiti^ du memoire des 
resultats d’une s^rie d'etudes de lavabilite faites sur un charbon americain 
Sous le titre 2, il discute les methodes de lavage employees aux Etats-Unis, et 
met en lumiere I'lmportance du choix du type d'lnstallation qui se prSte le 
mieux aux conditions du probieme du lavage. Les methodes modemes de 
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s^hage du charbon lav6, recuperation des schlamms et la clarification des 
eaux de lavage sont discutees en detail et un croquis d 'ensemble est donne, 
montrant clairement une installation type. L’auteur deent alors les progr^s 
recents dans I’art du sechage des charbotis laves ^ I'cau el Ic traitcment des 
schlamms, parce qu'il emit que le lavage par voie humide est le seul moyeii logiquc 
de trailer les problemes de lavage, difficiles, qiiand le charbon doit 6trc employe 
pour des usages metallurgiqucs et quo le probleme du soutre est le probleme 
im medial, ce qui est le cas d'un grand nombre de charbotis aux Etats-LJnis. 

Sous le litre 3, Tauteur montre I'linportance qu’il y a de mesurer exactement 
la marche d’un lavoir it charbon, il montre unc methode standard de tenir 
compte d’essais de flottants et deposes, obtenus au nioyen du Dehitester II 
fait remarquer la necessite d’exprimcr les resultats fiar des lormules de rende- 
ment etabhes. 

Sous le titrc 4. I'auteur discute les facteurs entrant dans Ic prix de rcvient du 
lavage, soit‘ 

Les frais d ’exploitation qui peuvent d’une maniere convenable etre subdivisds 
en main-d 'oeuvre, puissance motrice, entrctien, depreciation (et interfit), perte 
cl I'entree ou frais de "conversion.” 

Les frais de conversion sont bien plus importants que beaucoup ne veulent 
le croire Par cxcmple, 100 tonnes de charbon tout venant, coutant $1 80 
a la tonne, sont dcbitces I’lnstallation dc preparation En passant par I’ln- 
stallation de pr6paration, cette quantity subit une diminution de 10 pour cent, 
par consequent il ne reste que 00 tonnes de charbon vendre qui content 
$180, soit $2 la tonne Dans ce cas, les frais de conversion entrent pour 
20 cents ^ la tonne ce qui est un factcur tres important dans le pnx de revient. 
Il est plus defavorable encore si, dans ces 10 pour cent de perte ^ I’entree, 
entrent 2^3 pour cent de perte au terril en bon charbon. Le moyen certain 
d'obtenir de I'argent comptant pour du charbon est de le charger dans des 
wagons pour la vente, — et non dans le petit wagonnet allant au terril qui le 
transporte 1^ oh il sera irrdmediablement perdu "Perte au terril'' n'est pas 
une mauvaise denomination et est un reel facteur dans le pnx de revient de 
lavage. 

Les resultats de lavage dans des installations dcs Etats-Unis d’Amerique 
terminent le mcmoire 
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(the drying of brown coal without breakage) 
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CONTENTS 

A METHOD OF DRYING BROWN COAL WITHOUT BREAKAGE — 
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Viele wasserreiche Braunkohlen, die von Natur aus sehr fest sind 
iind in stiickiger Form gewonnen werden kOnnen, zerf alien beim 
Trocknen. Diese Eigenschaft, die mit der Natur der Braunkohle 
und mit dem Fortschreiten des Trocknungsvorganges von aussen 
nach innen im Zusammenhange steht, ist in zahlreichen Fallen das 
Hindernis, die Trocknung zur Wertverbesserung dieser verhalt- 
nismassig haufig vorkommenden Brennstoffe anzuwenden; denn 
in den meisten Fallen sinkt der Wert mit der Verringerung der 
KorngrOsse sehr betrachtlich. 

In Oesterreich gibt es grosse Lignitvorkommen, deren Ausbeutung 
fiii die Zukunft nur dann Aussicht auf wirtschaftlichen Erfolg hat, 
wenn eine Wertverbesserung durch Verringerung des Wasser- 
gehaltes von urspriinglich 35-45% auf 13-15% erfolgen kann, womit 
eine Heizwertsteigerung von etwa 3 600 auf 5 000-5 100 Cal ver- 
Ibunden ist. AUe Bemiihungen, eine solche Trocknung vorzunehmen, 
scheiterten jedoch bis vor kurzem an dem friiher erwahnten Um- 
stande, dass die Kohlen dabei weitgehend zerfallen. Erst nach 
Ausarbeitung eines besonderen Verfahrens konnte die' Trocknung 
unter Beibehalt der Stiickforra der Kohle durchgefiihrt werden. 
Es sei mir nun gestattet, hier kurz das Wesen des Verfahrens zu 
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erlautem und hieraul iiber den gegenwartigen Stand der Braun- 
kohlentrocknung in Oesterreich zu bench ten, da das Verfahren 
zweifellos auch fiir die Ausbeutung verschiedener anderer Lignit- 
vorkommen von Bedeutung sein diirfte. Ueber die Vorgange, die 
beim Trocknen der Braunkohlen infolge ihrer teilweise kolloiden 
Beschaffenheit zu beachten sind,. und deren Erkenntnis schliesslich 
zur Durchbildung des friiher erwahnten Verfahrens fiihrte, wurde 
schon wiederholt von mir an anderer Stelle^ berichtet, wobei auch 
eingehendere Angaben iiber das Verfahren selbst gemacht wurden. 

Das Verfahren beruht im Wesen darauf, dass die Kohle zunachst 
auf hdhere Temperaturen gebracht wird, ohne dass dabei Wasser 
verdampfen k6nnte. Die Wasserverdampfung darf erst dann einset- 
zen, wenn die Kohle bis ins Innerste auf die cntsprechende Tem- 
peratur erhitzt worden war, so dass das hierauf folgende Trock- 
nen von innen nach aussen erfolgt. Einen ahnlichen Vorgang hat 
man bekanntlich friiher schon beim Trocknen von Formstucken in 
der keramischen Industrie angewendet, um deren Zerreissen und 
Verziehen zu vermeiden. Bei den Braunkohlen kommt man jedoch 
nur dann zum Ziele, wenn man die Erwarmung bis auf solche 
Temperaturen vomimmt, bei denen die in der Kohle vorhandenen 
kolloidartigen Stoffe bereits zum Gerinnen kommen. Diese Erwar- 
mung geschieht zweckmassig in geschlossenen Behaltern durch 
direktes Einleiten von Wasserdampf unter Druck. Der Wasser- 
dampf muss gesattigt sein, damit der friiher erwahnten Massnalime 
des Erhitzens ohne Wasserverdampfung entsprochen werden kann. 
Die Dampfung der Kohle muss einige Zeit hindurch andauern, wobei 
ein Zusammenschrumpfen der einzelnen Kohlenstiicke eintritt, dann 
erfolgt eine Entspannung des unter Druck befindliclien Behalters 
und schliesslich das eigentliche Trocknen durch standige Herabset- 
zung des Wasserdampfteildruckes iiber der Kohle. Durch Anwen- 
dung der hier erwahnten Massnahmen lasst sich die Trocknung unter 
Aufrechterhaltung der Stiickform durchfiihren. 

Die anfanglich im kleinen Masstabe mit Hilfe eines Autoklaven 
durchgefiihrten Versuche brachten solche Erfolge, dass sich die 
Oesterreichisch- Alpine Montan-Geselhchaft dazu entschloss, auf 
ihrem Karl-Schachte in Koflach (Steiermark) eine Versuchsanlage 


HDI — Mitteilungen des Hauptvcreines deutscher Ingeiueure i.d. Tsche- 
choslw. Republik 15. Jahrg. (1926), S.226 u.f. 

Berg- u. Huttenmannisches Jahrbuch d. Mont. Hochschule in Leoben 
Bd. 74. S. 105 u.f. 

Zeitschnft d. Oesterr. Ingenieur- u Architektenvereines 1927, Hefte 13/14 
und 15/16. 

Sparwirtschaft 1927, Hefte 10 u.ll. 
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fiir eine tagliche Leistung von etwa 20-25 t Trockenkohle zu bauen. 
Damit ist die genannte Firma als erste in Oesterreich dem Problem 
der wirtschaftlichen Braunkohlentrocknung nahergetreten. In 
der Abb. 1 ist eine schematische Darstellung dieser Versuchsanlage 
gegeben, an Hand welch er die Ausfuhrung des Verfahrens erlautert 
werden moge. Zwei Kessel I und II sind in der gezeichneten Weise 
untereinander durch Leitungen verbunden und an eine FrischdampS 
leitung mit 8-10 Atii angeschlossen. Die Kessel besitzen oben durch 
Deckel verschliessbare Oeffnungen F^ und Fg zum Fiillen und unten 
ebensolche Ej und Eg zum Entleeren. Je nach Stcllung der Venple 
Aj und Ag kann abwechselnd der eine odcr der andere Kessel mit 
Damp! gespeist werden. Die Ventilc Bj, Bg, und Cg dienen daiu, 
je nach ihrer Stellung, das heisse Kondensat und den Dampf vbn 
einem Kessel in den andcren zu iiberfuhren, um die jeweils einge- 
brachte Frischkohlc vorwarmen zu konnen. Ausserdem sind im 
unteren Teile des Kcsscls Ab/luss6ffnungcn D^ und Dg fiir die 



Ableitung des Kondensates ins Freie vorgesehen, sowie auch 
Rohrstutzen und Gg fiir dit Luftzufuhrung zum Trocknen.der 
Kohle im Kessel. 

Der Betrieb ist ein abwechselnder. Nach Fiillung des Kessels I 
mit Kohle wird Frischdampf zugeleitet, der anfanglich kondensiert. 

^ Dabei ist Dj geoffnet. vSobald hier Dampf austritt, wird das Ventil 
geschlossen und solange Dampf zugeleitet, bis der Kessel auf den 
Betriebsdruck von 8-10 Atii gebracht ist und schliesslich der Druck 
etwa bis 2 Stunden hindurch aufrecht erhalten. Hierauf wird 
durch Stellung der Ventile in den inzwischen mit Kohle gefiillten 
Kessel II entspannt. Nach erfolgter Entspannung wird durch den 
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oben geOffneten Kessel I Luft hindurchgeblasen, um die Kohle zu 
trocknen und schliesslich die getrocknete Kohle unten entfemt. 
Hierauf wiederholt sich dasselbe im Kessel II u.s.f. 

Die Abtrocknung der Kohle nach erfoigter Dampfung und Ent- 
spannung kann auch ausserhalb der Kessel erfolgen, doch hat sich 
ihre Vornahme im Kessel selbst als praktisch erwiesen, da dadurch 
eine gewisse Stetigkeit in der Herstellung und im Betriebe erreicht 
wird. Auch beim Liegenlassen der gedampften Kohle an der Luft 
findet unter Umstanden schon eine weitgehende Abtrocknung statt. 

Die Luft, die zum Abtrocknen in den Kessel eingeblasen wird, 
kann entweder in vorgewarmtem odcr in kaltem Zustande verweiidet 
werden. Meist geniigt der in der Kohle aufgestapclte Warmeinhalt, 
um kalte Luft verwenden zu kdnnen. 



Abb. 2 Kohlentrocknungs-Versuchsanlage 

In der Abb. 2 ist die Versuchsanlage etwas eingehender dargestellt. 
Die Zeichnung, bei der alle unwesentlichen Details weggelassen 
wurden, bedarf auf Grund der friiheren Erorterungen keiner naheren 
Erklarung. 

Bei der Verwendung eines Dampfdruckes von etwa 8 Atii, wie er 
bei der eben beschriebenen Versuchsanlage verwendet werden 
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konnte, ergaben sich fiir die Trocknung der KdAacher Kohle fol- 
gende Zeitabschnitte: 20-30 Minuten Frischdampfzufuhr bis zur 
Erreichung des Betriebsdruckes von 8 Atii, 1 J Stunden Aufrechter- 
haltung des Betriebsdruckes, 20-30 Minuten Entspannung, 1-lJ 
Stunden Durchblasen von Luft. Dabei wiu-de ein Restwassergehalt 
von ungefahr 16% und damit eine Heizwertsteigerung auf durch- 
schnittlich 4 800 Cal, gegeniiber 3 600 Cal in der Rohkohle, erzielt. 
Bei den Versuchen hat sich herausgestellt, dass der Abtrock- 
nungsgrad wesentlich von der Hdhe des Betriebsdruckes abhangigist. 
Auch spielt dieser eine bedeutende Rolle hinsichtlich der Vermeidung 
des Zerspringens der Kohle. So hat sich bei der Kdflacher Konle 
als unterste Grenze ein Bctriebsdruck von 4 Atii feststellen lassen; 
bei niedrigeren Dnicken biisst die Kohle viel an ihrer Stiickigkelt 
ein. Andererseits muss sich die Hdhe des Betriebsdruckes nach dem 
urspriinglichen Wassergehalte der Kohle rich ten; je hdher dieser 
ist, des to grosser muss auch der anzuwendende Druck sein. 

Bei dieser Art der Kohlen trocknung lasst sich stets ein bedeutendes 
Schrumpfen der Kohle feststellen, dessen Mass wiederum von der 
Art der verwendeten Kohle abhangig ist. So betriigt die Schrump- 
fung bei Koflacher Kohle ctwa ein h'linftel des ursprunglichen 
Volumens. Die Erscheinung hangt mit der Zerstorung dcr Kol- 
loidstoffe zusammen und sie ist einerseits hinsichtlich des Dampfver- 
brauches und andererseits wegen der sonstigen Eigenschaften der 
getrockneten Kohle von Wichtigkeit. Bei dem Schrumpfen wird 
namlich ein Teil des Kohlen wassers bereits ausgepresst und darauf ist 
es zuruckzufiihren, dass der Dampfverbrauch, der in der Versuchs- 
anlage festgestellt werden konnte, ein sehr niedriger war, namlich 
ungefahr 0,6-0, 7 kg auf 1 kg zu entfernenden Wassers. 

Die giinstigen Ergebnisse der Versuchsanlage bestimmten dann die 
Oestcrreichisch-Alpine Montan-Gesellschaft zum Bau einer Gross- 
anlagc, die anfiinglich 280 t in 24 Stunden erzeugte und neuerdings 
auf die doppelte Erzeugung, also 560 t, vergrdssert wurde. Die 
Anlage besitzt 8 Dampfungskessel, die auf einen Betriebsdruck von 
15 Atii gebaut sind, gegenwartig jedoch nur mit 12 Atii betrieben 
werden, da die vorhandene Dampfanlage die Entnahme hoher 
gespannten Dampfes nicht gestattet. Dabei wird die Kohle 
durchschnittlich auf ungefahr 14-15% Restwassergehalt getrocknet. 
Nach Aufstellung eines Zusatzkessels wird jedoch spaterhin mit 
15 Atii gearbeitet werden. Die Anlage ist in den Abbildungen 
3 und 4 im Quer- und Langsschnitte dargestellt. Bei den Zeich- 
nungen wurde der Uebersichtlichkeit wegen nur das Wesentliche 
beriicksichtigt. 
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Anfanglich war geplant, klassierte Kohle, sogenannte Mittelkohle 
(110-50 mm), zu trocknen. Es hat sich jedoch herausgestellt, 
dass es wirtschaftlicher ist, Forderkohle der Trocknung zu unter- 
werfen und erst die getrocknete Kohle zu klassieren. Deswegen 
ist, wie aus Abb. 4 hervorgeht, der Trocknungsanlage eine Klas- 
sierung angeschlossen. 

Die hier abgebildete Anlage arbeitet, so wie die friiher beschriebene 
Versuchsanlage, mit stehenden Kesseln, die abwechselnd betrieben 
werden. Es ist nicht zu leugnen, dass der abwechselnde Betripb 
einen gcwissen Nachteil bedeutet, jedoch kann der Betrieb bo 
gefuhrt werden, dass er gewissermassen kontinuierlich wird, indem 
die Kessel serienweise geschaltet und bedient werden. Aus dem 
Schema in Abbildung 5 geht heryor, wie sich die Verbal tnisse b^ 
4 Kesseln, die mit 12 Atii arbeitcn, gestalten. Bei der Verwenduna 
von 8 Kesseln ist das Schema nicht mehr so iibersichtlich, daher ist 
von dieser Darstellung Abstand genommen worden. Die im Schema 
angcgebenen Zeiten sind etwas von den seinerzeit bei der Versuchs- 
anlage festgcstellten verschieden, was auf die Anwendung des 
hdheren Druckes ziiriickzufuhren ist. Im allgemeinen sind die 
Dampfungszeiten umso niedriger, je hdher der Druck ist. Mit der 
hier beschriebenen Anlage sind naturlich die Ausfiihrungsmbglich- 
keiten nicht erschdpft, sowohl hinsichtlich Anordnung der Ke.=sel, 
als auch des anzuwendenden Dampfdruckes. 
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Abb. 5. Betriebsschema fur eine Kohlentrocknungsanlage 
mit 4 Autoklaven. 


Um ein Bild iiber die Wertsteigerung der Kohle beim Trocknen 
zu erhalten, mOge die durchschnittliche Zusammensetzung der 
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Kohle im rohen und im betriebsmassig in der Grossanlage getrock- 
neten Zustande angegeben werden. 



Koflacher Rohkohle 

Koflacher Trockenkohle 


(Mittcl) 

(Mittel) 

Kohlenstoli 

41,25«„ 

55.02"o 

Wasserstoff 

3,3o^, 

4,43'^o 

Sauerstoff u. Stickstofl ... 

15,20‘\, 

20,03% 

Wasser ... 

35,20<\, 

14,35% 

Asche 

4.88% 

0 , 00 % 

Vcrbrcnnlicher Schwefel 

ojrjo 

0.17%, 

Gesamt-Schwclel 

0,25‘\, 

0.42‘% 

Heizwert 

3 634 Cal. 

5 063 Cal. 


Durch viele Versuche konnte nachgewiesen werden, dass der 
Aschengehalt in der Regel geringer ist als jener, der sich aus der 
Analyse der Nasskohle errechnet, wenn man den Wasscrgehalt der 
Trockenkohle zugrundelegt. Es ist darauf zuruckzufiihren, dass 
wahrend dcr Dampfungszeit ein Abwaschen und teilweises Aus- 
laugen von Aschenbestandteilen stattlindet. Besonders bei man- 
chen bohmischen Braunkohlen war der Unterschied sehr gross. 
Ausserdem findet bereits ein deutliches Fortsetzen der Inkohlung 
statt, was durch Feststellung und Untersuchung der bcim Dampfen 
entwickelten Gase nachgewiesen werden konnte. Bei der Diimp- 
fung entwickelt sich aus 1 kg Koflacher Kohle eine Gasmenge von 
875 cc, die zu 95% aus Kohlendioxyd besteht, neben sehr klcinen 
Mengen von Kohlenmonoxyd, Methan und Stickstoff. 

Die getrocknete Kohle hat die Eigenschaft, nicht neuerdings Wasser 
aufzunehmen, was mit dem fruher erwahnten Zusammenziehen der 
Kohle beim Dampfen zusammenhangt. Dadurch, sowie durch die 
Beibehaltung ihrer Stiickform, unterscheidet sie sich wcsentlich von 
der durch Feuergase getrockneten Kohle, die sehr poros ist und 
daher auch viel leichter zum Selbstentziinden beim Lagern neigt. 
Durch viele Versuche ist dargetan, dass die nach erfolgter Dampfung 
getrocknete Kohle vollstandig lagerbestandig ist und auch beim 
langeren Lagern im Freien ihre Stiickform nicht mehr verliert. 
Dadurch ist es ermoglicht, sie verschiedenen Verwendungszwecken 
zuzufiihren, die fiir die Rohkohle nicht in Betracht kamen. 

In erster Linie findet sie ausgedehntc Verwendung zur HersteUung 
von Generatorgas in Drehrostgeneratoren. Aus 1 kg Trockenkohle 
werden im Hiittenwerk zu Donawitz durchschnittlich 2,5 cbm Gas 
von folgender Zusammensetzung erzeugt: 

Kohlendioxyd ... ... - . ■■ 3, 5-4,0% 

Kohlenmonoxyd ... ... ... ■■■ 3 1,0- .30,0% 

Wasserslotf .. ... ... 14,0-15,0% 

Methan ... ... ... . . ■■ ■■■ 2 , 0 % 

Schwere Kohlenwasserstotfe ... ... ... 0 , 2 % 

Heizwert rund 1 500 Cal. 
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Des weiteren wurden Versuche vorgenottimen, aus der getrockneten 
Kohle Wassergas herzustellen und zwar im Doppelgasgenerator 
nach Strache, welche Versuche gunstige Ergebnisse zeitigten. 
Aus 100 kg Kohle wurde eine betriebsm^sige Gasausbeute von 
durchschnittlich 67,2 cbm (reduziert auf 0° und 760 mm) oder 
umgerechnet auf kontinuierlichen Betrieb 73,7 cbm (0°, 760 mm) 
erzielt. Das erzeugte Doppelgas hatte durchschnittlich einen Heiz- 
wert von 3 040 Cal. 

Die Verwendung der Trockenkohle zur Wassergasherstellung in 
den iiblichen Generatoren ist deswegen moglich, weil sie eine weiteri 
thermische Behandlung vertragt, ohne zu zerfallen. Die Kohla 
kommt im stiickigen Zustande als Koks in den Vergasungsraum\ 
zum Unterschiede bei der Verwendung von nichtgetrockneter’ 
Kohle, die bercits vor der Entgasung beim Trocknen in viele kleine 
Stiickchen zerspringt. Die Beibchaltung der Stiickform beim 
Entgasen der Trockenkohle ist auch in alien jenen Fallen von 
Bedeutung, in denen man bei der Verschwelung auf einen nicht zu 
kleinstiickigen Koks als Nebenprodukt hinarbeiten will. Die 
KOflacher Trockenkohle gibt beim Verschwelen einen Stiickkoks 
von verbal tnismassig grosser Festigkeit, besonders bei Anwendung 
hdherer Temperaturen. 

Zum Unterschiede von der Rohkohle eignet sich die Trockenkohle 
sehr gut fiir alle Arten von Heizeinrichtungen. Bei Kessel- 
heizversuchen wurden je nach der Kessel- und Rostkonstruktion 
4,5-5,5-fache Verdampfungen erzielt. Bei Kesselbelastungen bis 
zu 39 kg Dampf je Quadratmeter Heizflache und St unde sind Kes- 
selwirkungsgrade bis 79% erreicht worden. Ferner haben Versuche 
dargetan, dass die getrocknete Kohle auch gut fiir Lokomotivheiz- 
zwecke Verwendung fin den kann. Die bei den Probefahrten mit 
KOflacher Kohle erzeugte Dampfmenge erreichte das 5,2-fache des 
Kohlenverbrauches und dieser betrug im Durchschnitt 22,6 kg 
pro 1 000 t/km. 

Aus dem Gesagten geht her vor, dass man mit Hilfe des beschrie- 
benen Verfahrens imstande ist, aus den Ligniten, die sonst beim 
Trocknen zerspringen, einen hochwertigen stiickigen Brennstoff 
zu erzeugen. Da es sich lediglich um eine Trocknung handelt, 
so erzielt man dabei in der Regel einen langflammigen Brennstoff, 
der fiir viele Arten von Feuerungen sehr gut verwendbar ist. Aller- 
dings ist das Verfahren nicht fiir alle Lignite verwendbar, es ist 
vielmehr ndtig, durch Kleinversuche vorher festzustellen, wie sich 
die Rohkohle beim Dampf en und Trocknen verhalt. Zahlreiche 
Versuche haben aber dargetan, dass das Verfahren fiir viele in- und 
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auslandische Kohlen brauchbar ist, wobei immer als Voraussetzung 
gilt, dass Wert auf die Erhaltung der Stiickform beim Trocknen 
gelegt wird. Bei den Versuchen liber das Verhalten der verschie- 
denen Kohlen ist besonders auf die Hbhe des Druckes beim Dampfen 
^!iier Kohle Bedacht zu nehmen. Kohlen mit hohem Wassergehalt 
benOtigen hbhere Dampfdriicke als wasserarmere, um auf denselben 
Rest wassergehalt zu kommen, ebenso wird auch das Erhaltenblei- 
ben der Stiickform durch Erhbhung des Dampf druckes guns tig 
beeinflusst. So gelang es bei einer deutschen Braunkohle mit 
liber 50% Wassergehalt erst bei Anwendung eines Druckes von 20 
Atii, auf einen Restwassergehalt von 18-20% zu gelangen. Bei 
Koflacher Kohle wurde bei Anwendung desselben Druckes eine 
Trocknung bis 9% erzielt. 

Zum Schlusse moge ganz allgemein einiges iiber die Gestehungs- 
kosten der mit Dampf getrockneten Kohle gesagt werden. Diese 
setzen sich aus den Einsatzkosten und den eigentlichen Umwand- 
lungskosten zusammen. 

Die Einsatzkosten machen bei der Trocknung die Hauptpost aus. 
Bei der Kbflacher Kohle ist zu beriicksichtigen, dass man fiir 100 t 
Trockenkohle ungefahr 140 t Rohkohlc bcnotigt. Die Wirt- 
schaftlichkeit ist daher in erster Linie von den Gestehungskosten 
der Rohkohlc abhangig. 

Die eigentlichen Umwandlungskosten setzen sich aus den Kosten 
fiir den Warmeaufwand, aus den Lohn-, Fracht- und Material- 
kosten, sowie jenen fiir die Amortisation und den Zinsendienst, 
zusammen. 

Fur das hier beschriebene Verfahren ist das Wesentlichste der 
Warmeaufwand und deswegen moge nur daruber etwas ausgefuhrt 
werden. Es wurde bereits erwahnt, dass die Dampf menge mit 
ungefahr 0,6-0, 7 kg je 1 kg zu verdampfendes Wasser festgestellt 
werden konnte. Die iiberaus geringe Dampfmenge, die kleiner ist 
als die theoretisch notwendige, hat ihre Erklarung einerseits in dem 
Wesen des Vorganges beim Dampfen der Kohle und andererseits 
in der Anordnung der Apparatur, die eine weitgehende Warme- 
ausniitzung ermOglicht. Bei der Dampfung der Kohle tritt bereits 
ungefahr ein Drittel des zu entfernenden Wassers in tropfbar 
fliissigem Zustande aus und lauft als Kondensat ab. Ein zweites 
Drittel des Wassers verdampft beim Entspannen des Kessels und da 
dieser Dampf zum Vorwarmen der frischen Kohle verwendet wird. 
wird die Verdampfungswarme von ungefahr 660-670 Cal je 1 kg 
Wasser zum grbssten Teile nutzbar gemacht. So ist es erklarlich, 
dass zwei Drittel des aus der Kohle entfemten Wassers mit einem 
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Warmeaufwand von nur 100 Cal je kg Wasser ausgetrieben werden 
kdnnen. Die meiste Warme erfordert das letzte Drittel des zu 
entfernenden Wassers, das ist jenes, das durch die Durchliiftung 
entfernt wird. Im Gesamten benOtigt man aber fiir 1 kg entfernten 
Wassers nur ungefahr 460 Cal. 

Der Warmeaufwand ist also geringer als bei den sonst iiblichen 
Trocknungsverfahren. Zum Vergleiche moge darauf hingewiesen 
werden, dass z.B. die iiberaus giinstig arbcitenden Rdhrentrockner 
einen Warmeaufwand von mindestens 900 WE je kg entfernten 
Wassers benotigen. Bei den in der Brikettmdustrie iiblichen Tell^r- 
trocknern und ahnlichen Einrichtungen findet man bekanntlii^h 
noch viel grossere Betragc hinsichthch des Warmeaufwandes. 


THE DRYING OF BROWN COAL WITHOUT BREAKAGE 

(ENGLISH VERSION — ABRIDGED) 

In general, during the commercial drying of moist brown coal, breakage takes 
place, which, m most cases, considerably decreases the value ol the coal 
The large lignite fields in Austria will only be of interest from an economic 
point of view if the value ol the coal can be increased by a reduction of the 
water content of from 35-45 per cent, to 13-15 per cent , which equals an increase 
m calorific value of from 3,600 to 5,000-5,100 cal Until recently, all efforts 
in this direction met with failure, as the coal could not be dried without break- 
ing up. A method of drying is now described by which the piece form is 
retained 

The coal is heated without allowing evaporation to begin until the coal lumps 
are of a uniform temperature throughout, so that the drying will then proceed 
from the centre outward A temperature sufficiently high to cause the 
decomposition of the colloids is essential The heating is best done in an 
autoclave by the direct application of steam under pressure During the 
steaming of coal the lumps contract and evaporation is then started by the 
gradual reduction of the steam-pressure 
Encouraged by the success of the preliminary experiments, the Oesterrei- 
chisch- Alpine Montan-Gesellschaft decided to install a trial plant with a daily 
output of 20-25 metric tons dry coal at their Karl Pit in Koflach (Styria). 
The illustration of the plant (Fig 1), shows two autoclaves. 1 and 2, connected 
with each other and to a steam plant of 8-10 atm. These autoclaves are each 
provided with two openings, one at the top (Fi, F^) and one at the bottom 
(J)i, Eg) Either autoclave can be fed with steam by regulation of valves A^ 
and Aj. Valves Bj, Bj, Cj and Cj serve to pass the steam and condensed 
products from one container to another in order to preheat a fresh charge of 
coal. Two valves, Dj and Dj, permit the removal of condensed steam, and 
the air for drying is admitted through Gj and Gg Operation is alternate. 
Steam is passed m to the charged autoclave 1, in which it at first condenses and 
runs off through Dji as soon as steam escapes at D^, this valve is closed and 
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the pressure brought up to 8-10 atm., at which it is retained for about 1^ to 2 
hours. The pressure is then released by opening the valves leading to auto- 
clave 2, also charged with moist coal Autoclave 1 is now opened at the top, 
and air passed through for drying, after which the autoclave is unloaded at 
the bottom The same procedure is adopted with autoclave 2. 

The actual drying after steaming need not take place in the containers, but 
the first method has proved to be better in practice. 

The air blown througli the autoclaves can be preheated or used at normal 
temperamre. As a rule the heat stored in the coal permits of the use of cold 
air 

Details of the time required for drying Kofiacher coal in the plant described, 
with a pTCssiire of 8 atms., arc as follows: introduction of steam for from 20 to 
30 minutes to obtain pressure of 8 atms , which was retained for hours; 
20 to 30 minutes for the reduction of pressure, and 1 to hours for treatment 
with air The moisture was reduced to 1(5 per cent , the thermal value rising 
from 3,600 to 4,800 cal 

Low pressures cause the breaking of the lumps, the lowest pressure advisable 
for Kofiacher coal was found to be 4 atms. The pressure is influenced by the 
amount of moisture in the coal, a coal of high water content requiring a pro- 
portionately high pressure 

The contraction of the lumps vanes with the coal Kofiacher coal contracts 
about one fifth of the original volume This is of importance, as during the 
contraction part of the water is piesscd out of the coal, which fact can be 
regarded as the cause for the low consumption figure of about 0 6-0-7 Kg. 
of steam per Kg. of coal water in the trial plant 
The Oesterreichisch- Alpine Montan-Gesellschaft then installed a plant, at 
first capable of turning out 280 metric tons in 24 hours, which has now been 
increased and produces 560 metric tons. The plant consists of H autoclaves 
suitable for a pressure of 15 atms The moisture in the coal is reduced to 
about 14-15 per cent 

It lias been oiind more economical to screen the coal after drying tfian to 
dry sized coal I'lg 4 shows the provision for screening attached to the 
drying plant 

Semi-conLinuous output is possible by a cyclic plan of operation with a 4 unit 
plant working at 12 atms, 

The rise in value of the dried coal is shown by the analyses of moist and dried 
Kofiacher coal These show a decrease in moisture content from 35-2(3 per 
cent to 14-35 per cent , with a consequent increa.se in calorific value from 
3,634 cal. per Kg. to 5,063 cal per Kg 
It has been found by the analysis of the gases produced during steaming 
that coalification progresses noticeably. 1 Kg Kofiacher coal gives 875 c.c. 
of gas which con.sist of 95 per cent, carbon dioxide, together with very small 
quantities of carbon monoxide, methane and nitrogen. 

The contraction referred to above prevents the re-absorption of moisture 
after the coal is dried, an advantage in comparison with coal dried by the 
ordinary hot gas processes, which leave the coal very porous, in consequence 
of which it is also liable to the danger of spontaneous combustion. 

Dried coal is largely used in the manufacture of producer-gas. At the 
Donawitz Steel Works a kilogram of dried coal gives approximately 2-5 
cu. m of gas of the following qualities: — 
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Carbon dioxide 
Carbon monoxide 
Hydrogen 

Hydrocarbons (heavy) 
Methane 

Caloniic value . . . 


3-5-4‘0 per cent, 
3I-0-30-0 per cent. 
1 4-0- 15 0 per cent. 
0-2 per cent. 

2-0 per cent, 
about 1,500 cal. 


A successful attempt to produce water gas m a "Strache” double-gas genera- 
tor yielded 67-2 cu. m. (0®C., 760 mm.), or in continuous operation 73-7 cu. m. 
(0°C., 760 mm.) per 100 Kg. coal The calorific value of the gas averaged 
3,040 cal. 

Dried coal is used in the manufacture of water-gas, as it can be submitted toj 
further thermal treatment without breaking. 

In experiments using it as boiler fuel, the steam production amounted to 
4-5-5-5 Kg. per Kg. With boiler ratings up to 39 Kg. per m“ of heating 
surface per hour a boiler efficiency of 79 per cent was obtained Trials of 
Kdflacher dried coal as locomotive-fuel gave a steam production of 5-2 Kg. 
per Kg with a coal consumption of approximately 22 6 Kg. per 1,000 metric 
tons-kilometres 

In general it is shown that as a practical result of working this process the 
lignites are dried without breakage and the products are usually long-llame 
coals, but each case must be investigated on its merits as to the precise mode 
of application and the economic value of it. 

In the case of Koflacher coal, 140 metric tons moist coal are required to 
produce 100 metric tons dried coal. Thus the cost of raw material is the 
principal item. 

The chief item in the operating cost is not the heating. As referred to above, 
the amount of steam required, 0* 6-0-7 Kg. per Kg of the water to be removed, 
IS very low. During steaming one third of the coal water to be extracted is 
mechanically expressed and runs off Another one third is converted into 
steam on the release of the pressure, and as this is used for pre-heating in the 
next autoclave most of the heat content of 660-670 cal. per Kg. water is 
recovered. It will be seen that only an additional 100 cal. per Kg of water 
is required to remove two thirds of the moisture The final third requires 
the most heat for extraction, but a total of about 460 cal. per Kg. water 
extracted is necessary. 

These figures compare favourably with those of other drying methods. 
For example, the tube dryers require at least 900 cal per Kg. water, while it 
is a known fact that the figure for the plate dryers in the briquetting industry 
is higher still. 


\ 
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Introduction 

Coal as mined may contain water which is partly inherent and 
partly of adventitious origin. The inherent water (hygroscopic 
moisture) is that which a coal retains after air drying; the amount 
varies slightly with the hygroscopicity of the atmosphere but is 
generally characteristic for each coal. The adventitious water is 
that lost on air drying and is derived from pit water (in mines 
naturally wet) which is retained by fine coal on the surfaces of the 
particles and in the interstices. 

The amount of inherent water in bituminous coals varies from less 
than 1 per cent, in many coals of high carbon content, to, say, 15 per 
cent, in some coals of low carbon content, but in brown coals and 
lignites may be as high as 40 per cent. In the coking coal districts of 
Great Britain the inherent moisture content of coals is generally 
low (less than 3 per cent.), but in other districts is higher, though 
rarely exceeding 10 per cent. The inherent water of coal is possibly 
present as an adsorbed layer on the colloidal particles in such 
thin films that a coal containing 15 per cent, would appear to 
be as "dry” to feel as one containing only 1 per cent. Large coal 
contains as much hygroscopic water as small coal from the same 
seam. Inherent water does not hinder grinding, for example, 
for pulverised fuel firing, and no attempt is usually made to remove it. 

The amount of pit-water in coal as mined varies according to the 
proximity of water-bearing strata to the coal seams and according 
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to the amount of fines produced during mining. After mining, 
further adventitious water may be added (particularly to the fine 
coal), as rain during transport or storage in the open. The actual 
amount present in delivered coal as pit or rain water is usually 
small compared with the amount which may be added to the coal 
on subjecting it to a wet-washing process, and usually it is only for 
pulverised-fuel firing that water is removed from unwashed coal. 
In grinding for this purpose, adventitious or surface water binds 
together the small particles and prevents their dispersion in a clou4 
at the burner and it is usually considered to be desirable to dry 
the coal until no free or surface water remains. For other industrial 
processes surface water does not appear to be disadvantageous' 
except in reducing the calorific value of the coal, and in incurring 
transport costs. Indeed, for boiler firing, for which most of the 
fine coal is used, it is often the custom to wet unwashed coal before 
use. 

A large proportion of the fine coal produced in mining is cleaned 
by wet washing processes. Subsequently the wet coal is drained, 
dewatered or dried. The disadvantages of using coal containing 
exces.sive quantities of water have been described elsewhere,^ 
and it is proposed to compare here the technical merits and the 
financial cost of the different methods available for water removal. 
Before doing so it is pertinent to consider the forces which retain 
water in the fine coal and the limits of water removal by the appli- 
cation of forces of different intensity. 

Water removal in practice is usually confined to the surface water 
held by capillary forces in the interstitial spaces of the fine coal. 
The percentage of water so held depends on; {a) the size of the 
interstices, and (6) the proportion of the total apparent volume 
which they occupy. If the spaces are very large (as in nut coal), 
the weight of the water is more than sufficient to overcome the 
capillary forces and water readily drains away. Experimental 
trials have shown that it is not until the size of graded coal is less 
than about in. that the weight of the water in the interstices 
is balanced by the capillary forces and no interstitial water can be 
removed by natural drainage. 

Results obtained for the natural drainage of different sizes of coal 
in a large funnel are given in Fig. 1. These results refer to one 
South Yorkshire coal, but have been confirmed for other coals. 
Each grade of coal was thoroughly wetted by water and drained 

' The Cleaning of Coal, Chapman and Mott, 1 928 (London. Chapman 
and Hall). 
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until continuous dripping ceased. The percentages of adventitious 
water are plotted against the average size of each grade of coal. 
The sizes used were IJ-l, \-\, J-J, and 

in. The results show that for coals between H and A) in. 
in size there is an approximately straight line curve relating size and 
percentage of water retained, the latter varying from 1 -6 to about 
10 per cent. At tV in. there is a point of inflexion and a .second 
straight line curve relates the size and the percentage of water 
retained, but the inclination is very steep and the water content 
rapidly increases from 10 to 50 per cent. Earlier experiments'* 
showed that lor all closely-graded size of coals below \ in. the 
amount of water retained is constant at the maximum of about 
50 per cent. It can be stated, therefore, that the amount of water 
retained by fine coal is dependent mainly on the percentage of 
material present less than A in. in size. 



Size of coal (inches). 

Fig. 1. Graph showing per cent of water retained by different sizes of 
coal after natural drainage. 


In graded nut sizes of coal in which there is little difference between 
the minimum and maximum sizes of the particles, the percentage 
of interstitial space (when the coal is loaded for example into a 
hopper) is the same for all grades and amounts to about 57 per cent. 
The maximum percentage of water which could be retained is 
57 

therefore — = 50 per cent, (taking the specific 

(57x1-0) +(43x1 -3) 

gravity of water as 1 and that of coal as 1-3). If the coal is agitated 
so that the particles take up the least apparent volume the 


* Loc. cit. 
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percentage of free space is reduced to about 47 per cent, and the 
maximum amount of water which could be retained would be 
40 per cent. 

The amount of interstitial space can be further reduced if the varia- 
tion between the maximum and minimum size of the particles is 
great (as in coal from 0 to J in. size), for the smaller particles can fill 
the spaces between the larger ones. Mechanical agitation is usually 
necessary to produce efficient packing; with natural loading (as 
into a hopper) no reduction of interstitial space is obtained with a | 
very small maximum size of particles (less than its in.); with nut 
coal the interstitial space is partly reduced, but an increase in the 
capillary forces more than compensates for the decrease in the 
interstitial space, and less efficient dewatering is obtained by natural 
drainage. If, however, the mass of particles is agitated, the inter- 
stitial space is further reduced by efficient packing and the agitation 
partly overcomes the capillary forces. The maximum amount of 
water which may then be retained is about 30 per cent. This means 
that any dewatering device which induces complete pressure packing 
of the particles can reduce the water content of the finest coal slimes 
to 30 per cent. 

If a stronger force is applied, for example, centrifugal force, the 
capillary forces can be still further overcome and further dewatering 
takes place. By intermittent contrifuging, graded sizes of coal as 
small as in. can be dewatered to less than 10 per cent., 

but only mixed or through sizes, with a maximum size of not less 
than To in., can be dewatered to less than 10 per cent, water content 
by a similar centrifugal force. With smaller maximum sizes, 
centrifuging is less efficient and a force of greater intensity than 
centrifugal force, namely heat, is necessary to effect any considerable 
reduction in the amount of water retained. 

These results of laboratory experiments are stated because it is 
important to show that there is a limit imposed by natural laws 
(as well as by mechanical difficulties) to the extent to which coal 
can be dewatered. A process inducing “pressure piling" of the coal 
particles can dewater coal to a lower limit than natural drainage in 
hoppers, and the application of suction or an impacting force, as in 
certain filters, dewatering screens and centrifuges, can effect still 
further dewatering. Complete removal of water can, however, only 
be obtained by the application of heat. The practical use of the 
various methods is usually governed, however, by their ability to 
handle large quantities of material for a given ground space, with 
little liability to breakdown, and at a low cost. 
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Drainage Hoppers 

The simplest appliance used for water removal from coal is the 
drainage hopper. A drainage hopper is usually built of concrete, 
of square or rectangular section at the top and tapered at the bottom 
at an angle of about 60°. Each hopper may hold 100 tons^ or more 
of coal. The coal after washing is raised from a sump by a drainage 
elevator with perforated buckets and loaded by a scraper conveyor, 
or circular table and plough, into the top of each drainage hopper in 
turn. The bottom of the hopper consists of a perforated plate or a 
rotating circular table. With the latter type an adjustable per- 
forated cylinder may be raised to allow some coal to run out, the 
spaces between the coal particles being the equivalent of the perfora- 
tions in the first type. The coal is allowed to stay in a drainage 
hopper for a period of 24, 36, or even 48 hours according to the 
fineness of the coal. With a common period of 24 hours, and a 
washing capacity of 400 tons of fine coal per day, four hoppers 
each of 100 tons capacity would be provided at a capital cost of 
about £3,000, including the scraper conveyor for loading. The 
limiting extent of dewatering can be judged from Fig. 1. 

Hoppers are inexpensive in renewals and repairs, as there are no 
mechanically-moving parts. The only power required is that to 
elevate the coal and distribute it. For 400 tons per day (50 tons/hr.) 
elevated 50 ft. and distributed by a scraper conveyor, the power 
required would be approximately 12 H.P. or approximately 
0-25 H.P. per ton. The labour requirements would be met by part 
of the time of one man. 

Drainage Conveyors 

The Baum drainage conveyor was formerly popular but it is now 
being replaced by simpler devices. It consisted of a series of per- 
forated plates hinged to each other and carrying at the middle of 
each plate a double vertical partition also made of perforated plates. 
To each partition side plates were fixed to form a series of boxes into 
which the washed coal was loaded, the coarsest particles being put at 
the bottom with the slurry on the top. The conveyor was driven 
at a low speed of 8 in. per min. by rectangular drumheads. It was 
supported at intervals on rollers so spaced that the conveyor sagged 
between two adjacent rollers to compress the coal between the 
partitions, which were opened again when passing over a roller. 
This intermittent squeezing was designed to facilitate drainage, but 

■Throughout this paper British units are used, the ton « 2,240 Ib. 
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pools of wet slurry were frequently left on the top of the coal and 
drainage was, in practice, not always satisfactory. 

The drainage conveyor induced, in part, pressure packing of the 
particles and could, therefore, dewater coal to a lower limit than 
drainage hoppers under the best conditions. The filtering of the 
dirty washing water with the slurry through the bed of coal led, 
however, to the deposition of clay slimes which hindered drainage, 
and in these circumstances the results were not altogether satis- 
factory. Actual results of dewatering by drainage conveyors will ^ 
be given later in comparing this appliance with those which re- | 
placed it. 

The capital cost of a drainage band to treat 400 tons of coal per day 
(50 tons/hr.), would be about 4,000. Owing to the heavy load 
imposed upon it (sometimes 2 tons per yard of length), renewals 
were frequently necessary, it being the practice in some plants to 
start replacing the links, etc., and gradually working through the 
whole conveyor as opportunities presented themselves; when the 
last set of links were replaced it was usually time to start on the first 
links again. The horse-power actually used was approximately 
the same as for a drainage (bucket) elevator, loading into drainage 
hoppers. 

Dewatering Screens 

The Simon-Carves Dewatering Screen . — The Simon-Carves dewater- 
ing screen consisted of a fixed, inchned screen (where removal of 
excess water took place) and two horizontal vibrating screens over 
which the coal passed in series. A second fixed, inclined screen 
was used for the slurry from the elevated settling tank, and the 
thickened slurry passed on to the vibrating screens on the top of the 
small coal. 

One disadvantage of the arrangement was that the fixed inchned 
slurry screen often failed to remove the excess water from the slurry, 
and the vibrating screens were flooded, with a consequent loss of . 
efficiency. To remedy this, separate sets of screens are now pro- 
vided for the slurry and the fine coal, and the dewatering of the fine 
coal is not hindered by the slimes carried by the slurry water. For 
the slurry a finer mesh gauze is now suggested, with wedge wire for 
the fine coal screens. Each screen is suspended by ash hangers 
and is driven by a simple eccentric and a driving rod. By suitable 
adjustment of the eccentrics, the vibration due to the two screens 
can be balanced to a certain extent and smooth running ensured. 
In one instance the pulley made about 140 R.P.M. with a stroke of 
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about IJ in. The fine coal passes over a fixed inclined screen and 
then over two jigging screens in series. For slurry the arrangement 
may be similar except that the first inclined screen may also be 
vibrated by connecting it to the nearest suspended screen. The 
screen apertures are arranged longitudinally. When using separate 
slurry screens, instead of filtering the sluny on a bed of fine coal, 
a separate sluny effluent can be isolated and a much cleaner product 
results. For example at one washery the raw slurry fed to he 
screens contained 26-6 per cent, of ash and contained 36-8 per cent, 
of material less than loo in. with about 50 per cent, of ash. The 
dewatered slurry contained 9-7 per cent, of ash and included only 
1 1 -7 per cent, of material less than ifio in. and the average ash of 
this fraction was reduced to 33-7 per cent. Much of the clay slimes, 
therefore, passes through the slurry screen, but some fine coal 
particles are also rejected; it is possible by settling to recover some 
of the coal particles if desired, but the improvement in the quality of 
the coal and the more efficient dewatering would probably more than 
compensate for any loss of coal. 

The capacity of the dewatering screen varies according to the 
grading of the coal treated, but up to about 4 sq. ft. are required 
per ton of coal, and up to 18 sq. ft. per ton of slurry. A set of four 
screens, each 6 ft. 6 in. by 3 ft. 7 in., to treat 400 tons of fine coal 
and slurry per day (50 tons/hr.), would cost about £2,000. A 
brass wedge- wire screen lasts about nine months. The renewals cost 
is, therefore, the biggest factor in upkeep. For example, in one 
South Yorkshire washery the upkeep costs per ton of slack are as 
follows: — 



Pence 

Attendance 

0-42 

Repairs 

005 

Renewals 

0-39 

Total 

0-86 


The power requirements are about 0-3 H.P. per ton. In practice, 
well-designed screens require little attention except oiling. On the 
other hand, a badly-designed screen may prove prohibitive in 
renewals cost. The writer knows a dewatering screen which was 
recently introduced but proved a complete failure. The appliance 
consisted of an inclined and a horizontal screen fixed together and 
driven as one unit. Each screen was 10 ft. long by 2 ft. 6 in. wide 
but the arrangement was so clumsy, and the screens so badly balanced 
that no screen was in operation for a period longer than five weeks. 
The power consumption was 0-5 H.P. per ton of (dry) coal. The 
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re-inforcing bars of the screen broke and the wedge wire gaped) 
usually two double screens were standing idle for repairs, and the 
overloading of the remaining screens made the dewatering 
most unsatisfactory, the repair costs prohibitive, and seriously 
hindered the smooth working of the washery. The vibration 
produced in the washery building was sufficient to arouse fears for 
the stability of the building. Dewatering screens require careful 
designing, good balancing, and smooth running to be successful. 
Dewatering screens are more effective than the old drainage band, 
and comparative figures can be given for the amounts of water inf 
the fine coal after treating as in Table I. 

TABLE I. 

COMPARISON OF AVERAGE WATER CONTENT OF COAL AFTER 
TREATMENT ON DRAINAGE BAND AND DEWATERING SCREENS 

Size of Slack. In. Drainage Band. Dewatering Screens. 



23-25 

19-20 

1 

23 

18 

i 

22 

16-8 

i 

14 

11-1 

i 

— 

10-0 


These figures refer to the combined product of fine coal and slurry. 
The slurry from the settling tank of a Baum washery can usually 
be dewatered to about 30 per cent, on a dewatering screen, and with 
this water content it can be distributed fairly evenly with the fine 
coal. There is a tendency for it to form balls on the dewatering 
screen, but these are readily crumbled. 

The Rheolaveur Dewatering Screen , — The Rheolaveur dewatering 
screen, which has been largely used on the Continent, consists of a 
rectangular wedge wire screen supported on inclined flexible legs. 
The motion imparted by an eccentric running at about 250 R.P.M. 
gives alternately a forward and rising motion and a backward and 
downward motion which causes the coal to pass forward in a series 
of hops. The brass wedge wire used has 0.5 mm. (gV in.) spaces. 
The screening area per ton of coal is given as 2 4 sq. ft. per ton oL 
coal of 0 to f in. size. For a capacity of 50 tons/hr. the capital 
cost is about £450 (excluding motor), the power requirements about 
0-2 H.P. per ton, and the cost of renewals and repairs about 0‘6d. 
pef ton. 

\ For slurry, copper gauze of 0*25 mm. in.) mesh is used mounted 
on Jin. square mesh perforated plates. About 7-4 sq. ft. are 
required per ton of slurry. The capital cost is about £ 1 75 (excluding 
motor), the power requirements about 0-5 H.P. per ton, and the 
cost of renewals and repairs about Id. per ton of slurry. In one 


348 



GREAT BRITAIN: COAL DBH^ATERING AND DRYING 

test, a slurry containing 38 per cent, of ^ to tJti in. particles, and 
57 per cent, less than in., the water in the dewatered product was 
35-9 per cent. The dewatering screens on which the product from 
the Rheolaveur slurry washers are treated are fitted with water 
sprays to remove the finest slimes. 

The H.H, Dewatering Screen. — ^The earlier H.H. dewatering screen 
consisted of a phosphor bronze wedge- wire screen of 0-25 mm. 
apertures, supported on an ash or hickory legs and driven by an 
unbalanced loose pulley. The forward stroke imparted to the table 
screen was terminated by a bumping block, which tended to jerk 
the material along the screen. The unbalanced pulley rotated at 
240 R.P.M. The coal on the screen impinged against a number of 
"box weirs" (or dams with lids) to facilitate dewatering. A screen 
6 X H ft. could treat 7 tons of coal per hour. 

The table was built of heavy gauge to withstand the shock due to 
bumping, but it was found that in practice nuts tended to work 
loose, reinforcing bars to break, and the wedge wire to gape. For 
this reason the bumping block has now been discarded and a table is 
built of lighter sections. The dewatering is not so effective but the 
smoother working is found to be advantageous. The box weirs 
are no longer used. The new design of screen with 14 sq. ft. of 
screening surface treats approximately 6 tons of fine coal per hour 
using about 1 H.P., and costs £90. 

A simple device for dewatering coal has been introduced at Denaby 
and Cadeby Collieries, Yorkshire, by the washery manager. It 
consists simply of inclined and horizontal wedge wire screens, which 
are fixed, and a scraper which pushes the coal forward on each 
screen. The wooden scraper has a contact strip of brass and is 
connected by a rod to a crank. Since the heavy screens and the 
coal treated are not lifted, the power required to operate the rakes 
is neghgible, and because the screens are fixed the renewals and 
repairs costs are very low. In practice, ^ in. slack is dewatered 
to 15 per cent, at one washery, and, at the other, |in. slack, after a 
further treatment of 50 min. on a drainage conveyor, is dewatered to 
12 per cent. This simple device is worthy of attention particularly 
for fine coal (excluding the slurry). 

Vacuum Filters 

Rotary Filters . — A number of different types of rotary vacuum 
filters have been applied to the dewatering of very fine coal, slurry 
or slimes, particularly after cleaning by froth flotation. In general, 
a drum about 8 ft. long and 8 ft. diameter is fitted with a filter gauze 
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or cloth, and rotates in a tank containing, say, the flotation con- 
centrate. The internal surface of the drum is connected by a large 
number of pipes to a vacuum pomp, and, by the suction, a cake is 
formed on the filter surface. The filter cake is subjected to a high 
vacuum during most of one revolution, when it is removed from the 
drum by a scraper or by the application of compressed air. Some 
results obtained with a rotary vacuum filter are given in Table II. 


TABLE II 

RESULTS OF DEWATERING WITH ROTARY VACUUM FILTERS j 


Place. 

Type of 

Final water 

Filter surface 
per ton of 
(dry) coal 

I*ower per 
ton of (dry) 


Filter. 

content %. 

per hr. 

coal, H P. 

Oughterside, 

Cumberland 

Oliver 

17 

sq. ft. 

15 

3-3 

Germany 

— 

20 

— 

— 

Limburg, Holland 

Wolf 

20 

9-5 

— 

Mont Cenis, 
Germany 

_ 

20 

16 



Ilseder-Hutte. 

Germany 

Wolf 

18 

7 

2 2 


It will be observed that the capacity of these filters compares 
favourably with that of slurry dewatering screens, and the extent 
of dewatering is greater, but the power consumption is higher. 
One of the largest filters made has 200 sq. ft. of filter surface. It is 
about 8 ft. in diameter and about 9 ft. long and occupies about 
20 X 1 1 sq. ft. of ground space. In addition, space hEis to be found 
for a vacuum pump, vacuum receiver, a barometric discharge pipe, 
a filtrate pump and, possibly, an air blower to free the cake from the 
screens. The actual space required is, however, not great and the 
accessories can be arranged in a number of different ways. Such 
a filter would handle from 13 to 26 tons of (dry) coal per hour. 
A Wolf filter of 6 sq. m. filter surface (64 sq. ft.), would cost about 
£800. 

Rotary vacuum filters cannot be compared directly with the other 
dewatering appliances described, as they CEin only be used for very 
fine coal (slurry) . As this material holds the most water, its de- 
w^ftering is of the greatest importance. 

A new type of rotary vacuum filter has been introduced by the 
Dorr Company, called the Dorreo filter. It differs from other 
rotary filters in that the filter cake is made on the inside surface of 
the drum, and the vacuum pipes are more conveniently disposed 
externally. The material is fed to the lower half of the drum and 
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forms a natural bed with the heavier and larger particles on the 
screen surface; this facilitates dewatering. Suction is applied 
to the cake until it reaches the highest part of the drum, when the 
vibration of the screen surface causes it to drop into an internal 
hopper, whence it is discharged by a screw conveyor. About 
20 sq. ft. of screen surface are said to be required per ton of coal per 
hour to dewater to about 20 per cent, of water. A filter 12 ft. in 
diameter and 14 ft. long, occupying about 200 sq. ft. of floor space, 
and treating 20 tons of coal per hour (flotation concentrates), would 
cost about £2,250 with all accessories. The power requirements 
would be about 43 J H.P. or 2-2 H.P. per ton. 

Plan Filters . — Vacuum filters are also made with a filtering 
surface in one horizontal plane —the Plan filter. Such a filter is 
circular, with the suction pipes arranged underneath (Wolf), or 
radially by cutting out the central portion of the table (Groppel). 
The screen surface is wedge wire laid in sections each of which is 
connected by a pipe to the vacuum pump. A Wolf Plan filter of 
6 sq. m. filter surface (64 sq. ft.) would cost about £900 with a 
further £250 for the vacuum pump, receiver and filtrate pump. 
The power consumption would be 26-29 H.P. 

Centrifuges 

A number of centrifuges have been used in this country to dewater 
washed coal, the most noteworthy being the Hoyle, the Elmore 
and the Carpenter. 

The Hoyle Centrifuge . — The Hoyle centrifuge consists of a vertical 
cylindrical screen basket and a scraper spiral rotated by differential 
gearing. The screen basket, made of steel wedge wire, rotates 
within a casing at about 600 R.P.M., and the scraping spiral rotates 
within the screen basket at a .slightly lower speed. The screen 
basket is fastened by a spider casting to a solid steel shaft, and the 
scraping spiral is connected to a hollow or quill shaft revolving round 
the inner one. The screen basket and scraping spiral are driven 
through suitable gearing from a countershaft. 

The coal is fed to the centrifuge from a hopper and is flung by 
centrifugal force on to the basket screen, from which it is scraped 
by the spiral, and drops into a hopper below. At one South York- 
shire colliery, about 30 tons of coal may be treated per hour and 
dewatered from about 18 to 10 per cent. The coal is less than ^ in. 
in size but some of the dust is removed by vibrating screens before 
washing. Some fine particles pass through the screen with the water 
removed and are collected in a pond. The capital cost is about 
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,200. The running costs at'this colliery are stated to be (per ton 
of dry coal): — 



Pence. 

Repairs 

1-31 

Labour 

100 

Total 

2-31 


The power consumption is about 1 H.P. per ton of (dry) coal. 

The Elmore Centrifuge . — ^Thc Elmore centrifuge consists of a 
rotating screen basket with a scraper rotating inside it at a somewhat 
lower speed. The drive differs from that used in the Hoyle, in that i 
the motion of a horizontal belt-driven countershaft is transmitted* 
to a vertical countershaft from which different sizes of gear wheels ^ 
actuate a solid shaft to drive the scraping flights, and a quill shaft 
to drive the screen basket. The screen is inclined outwards from 
top to bottom, and the ten scraping strips almost touch the screen 
and are inclined also to the direction of rotation. Coal is fed to 
the centrifuge from a hopper and is flung on to the screen surface 
where the scraping flights remove it. The dewatered coal drops 
through an annular space between the outer casing and the central 
gear box; the water removed passes through the screen into a 
launder. 

In the Elmore centrifuge, the ten scraping plates are nearly vertical 
whereas the spiral scraper in the Hoyle centrifuge gives in effect 
two horizontal and two vertical scraping plates. In the Elmore 
centrifuge, therefore, the coal is not left on the screen for any 
length of time and at any one instant the thickness of coal must be 
less than in the Hoyle centrifuge. Moreover, the inclination of the 
Elmore screen to the vertical enables use to be made of the reaction 
of the force of impact on the screen. This reaction tends to deflect 
the coal downwards, throwing less duty on the scraping flights. 
For these two reasons the power consumption is lower with the 
Elmore centrifuge, and a higher output is attained. The standard 
4 ft. machine has a capacity of 80 tons per hour. 

The capital cost of such a machine is about £1,900. The repair’ 
costs at a South Yorkshire colliery are 0-1 78d. per ton of coal treated. 
At this colliery the washed coal was dewatered from about 20 to 7 *4 
per-cent, (average of 1 8 daily tests). The raw coal was less than J in. 
but contained only about 24-2 per cent, less than 4 in. The screens 
used are thin phosphor bronze sheet with inclined slots 4 by in., 
or punched steel plate with ^ in. round holes. These thin plates 
are fitted inside the steel basket, which has J-in. peripheral slots. 
A difficulty is experienced in laying the renewal screens truly against 
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the basket. Any irregularity tends to be tom by the scraping 
flights, and coal may build up against a tom edge and throw a back 
pressure on the driving mechanism. The screens, however, are 
cheap and may be quickly replaced. 

In practice, the fine coal which passes through the screens with 
the water may be returned to the slurry-settling tank of the washer 
and returned for treatment. 

The Carpenter Centrifuge . — The Carpenter centrifuge, unlike those 
previously described, docs not use a scraping system and, therefore, 
needs only a simple drive. It consists of a stepped truncated cone 
fastened to a vertical shaft by spider castings at the top and bottom, 
and rotated within a casing. Each step of the cone comprises one 
screen and between each screen a set of serrated teeth breaks up the 
coal mass as it leaves one screen to be flung on to the next. The 
screens are inclined to the vertical at an angle of about 45" (compared 
with 20" for the Elmore) , and the reaction trom impact on the screen 
IS sufficient to deflect the coal downwards without using a scraper. 

On the other hand, the absence of a scraping system results in a 
thicker bed of coal being left on the screens and the power consump- 
tion is higher than in the Elmore machine. 

At Nunnery Colliery, Yorkshire, a Carpenter centrifuge was first 
driven at a speed of 360 R.P.M. and dewatered washed coal througli 
I in. (with 22 per cent, through J in.) to about 5 per cent. By 
reducing the speed of the centrifuge to 270 R.P.M., the extent of 
dewatering was from 18 or 20 per cent, to 6 or 7 per cent. The 
screen plates were made of ^ in. steel plates with J in. holes, in. 
between centres. Under these conditions, about 5 per cent, of the 
(dry) feed coal passed through the screens with the water. This is 
passed qver a ^ in. screen plate in the floor of a trough to remove the 
finest particles and the bulk of the water. The oversize passes into 
wagons indirectly, and, since the finest slimes are absent, the water 
content is reduced to 15 per cent, by natural drainage. This coal 
is then added to the dewatered coal from the centrifuge, giving a coal 
to the oyens containing about 8 per cent, of water. The undersize 
from the screen passes to a tank from which it is ejected to a series 
of troughs which surround the top of the centrifuge building. By 
placing dams in the troughs, the solids settle and an effluent con- 
taining about 1 per cent, of solids passes to final settling ponds to 
recover coal for boiler firing. The settled solids are returned to the 
centrifuge hopper. In this way no accumulation of slurry takes 
place. 

The centrifuge has now been in operation at Nunnery for a period 
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of over 3 years. It is run during two periods of about 5 hours in 
each for two shifts and has treated the 300 tons of coal required 
daily for the coke ovens at a rate of 30-40 tons per hour. The 
power consumption is slightly less than 1 H.P. per ton of coal treated. 
The repair costs for the first seven months were stated to be 01 2d. 
per ton of coal; subsequently they are said to be less than Jd. per ton. 
The capital cost of a Carpenter centrifuge of 50 tons per .hour nominal 
capacity is £2,300, including steel framework and driving pulley, but 
excluding hoppers, feeding arrangements, motor, etc. 

At Messrs. John Lysaght’s, Scunthorpe, two Carpenter centrifuges 
have been in operation since the end of the 1926 coal stoppage. 
Each is of 50 tons per hour nominal capacity and is operated for 
about 7 1 hours per day at slightly below its nominal capamty. 
The coal treated comes from about fourteen different sources. The 
average grading shows about 100 per cent, less than J in., 40 per 
cent, less than J in. and 26 per cent, less than in. Some of tne 
finest dust is removed by a Coppee suction apparatus and is added, 
unwashed, to the remainder of the dewatered coal. Originally 
the centrifuges were run at 460 R.P.M. but have been slowed down to 
400 K.P.M. at which speed the coal is dewatered from 15 or 20 per 
cent, to 9 or 10 per cent. The power consumption is about 1 H.P. 
per ton, and during a test period of four months the repairs cost was 
0‘433d. per ton (made up of 0-23d. for renewals and 0’20d. for 
labour). About 10 to 12 per cent, of the (dry) coal passes through 
the screens of the centrifuge with the effluent water and is run to 
rectangular concrete settling ponds at ground level. The overflow 
from these ponds passes to a circular .slurry pond where the finest 
particles settle. The coarser particles of slurry from the first set of 
ponds is loaded into wagons and in shunting is dewatered to about 
1 5 per cent, water content. The final slurry pond is only occasionally 
emptied and the slurry is used for boiler firing. 

The problem of slurry handling is intimately associated with the 
use of centrifuges for coal dewatering. From 5 to 12 per cent, of 
the dry coal may pass through the centrifuge screen as slurry, and 
the whole success of the installation may depend on how this is 
handled. 

Direct- Heat Dryers 

The commonest form of direct-heat dryer is a horizontal rotating 
cylinder in which lifting plates are fixed to cascade the coal in a 
stream of hot flue gas. In Germany, several forms of dryer, the 
Biittner, the Rhineland, the Imperial, the Diirr, the Grevenbroich, 
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etc., use various types of "honey-combing" as a filling to allow the 
coal to drop from cell to cell, with frequent overturnings, before 
it reaches the floor and is again raised. In Great Britain probably 
the most popular dryer of this type is the Ruggles-Coles (Edgar 
Allen) dryer. This consists of two inclined concentric cylinders, 
the outer one being supported on suitable roller bearings and 
driven at about 12 K.P.M. by a pinion and gear ring riveted to tlie 
outer casing. The two cylinders are rigidly connected at their mid- 
lengths by spider bracing and additional support (whilst allowing 
for differential expansion) is given by swinging braces at other 
points. Twelve lifting flights are equally spaced in the cross section 
of the outer shell and are extended along the whole internal length; 
six lifting flights are also fitted to the inner cylinder. The inner 
cylinder is extended to receive hot flue gases from a furnace, the hot 
gases passing through the inner cylinder and returning outside it to 
a fan mounted on the top of the furnace. Coal is fed to the furnace end 
of the annular space and is lifted by the flights to drop on to the 
hot inner casing. The coal is heated indirectly (when the furnace 
gases are hottest) and directly (when they have been cooled by 
passing along the inner chamber) before being discharged at the 
lower end. The waste gases and water vapour arc discharged by 
the fan into a 03 ^ 0 ! one to collect the dust. 

The temperature of the gases entering the inner cylinder is about 
730X. and falls to about 180°C. before it enters the annular space, 
and to about 65°C. at the exhaust fan. A dryer with a length of 
55 ft. and an exteiTial diameter of 7 ft. 6 in. has a capacity of about 
20 tons of coal per hour in drying from 5 per cent, to less than 1 pier 
cent. The overall ground space is about 75 X 12J ft. The power 
requirements are about 20 H.P. for the rotation of the barrel and 
about 5 H.P. for the fan. Such an appliance, including feed table, 
driving motor and gear, brickwork foundation and erection, with 
the plant ready for operation, costs about £1,800. In addition, 
about 4 lb. of coal are required per 1 per cent, of water removed 
from each ton of coal. The fuel costs cannot be considered as an 
extra charge, for at least half the amount of fuel would be consumed 
in evaporating the moisture in the furnace if undried coal were fed. 
The upkeep costs of a simple rotary dryer are low since the move- 
ment is smooth, and the moving parts are simple in type. 

The H,H. Dryer . — Another typie of direct-heat dryer — the H.H. — 
is dispxised vertically and is stationary. The cylinder is divided 
into four compartments, each of which consists of a horizontal tray 
with an inverted metal cone above it. The coal is scrapied by 
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rotating rabbles from one tray to its outer edge and falls into the 
cone of the compartment below, and so on. The cones are perforated 
and a current of hot flue gas, passing up the dryer, comes into 
intimate contact with the coal. A subsidiary hot gas inlet feeds the 
upper two compartments. The waste gases are discharged through 
a cyclone, and the dried coal by a worm conveyor. 

Dryers to deal with 10 to 40 tons of coal per hour have an approxi- 
mate overall height of 33 ft., and ground space of 33 ft. by 18 ft. 
A 10-ton dryer has a diameter of approximately 11 ft., and a 40-ton 
dryer, 15 ft. A dryer to deal with 40 tons per hour and reduci^ the 
moisture from 15 to 6 per cent, would cost about £2,800. The 
power requirements are approximately 1 H.P. per ton and t ha fuel 
necessary would be about \ ton per hour. \ 

A vertical dryer has more moving parts than the simple horizontal 
dryer, and breakdowns, irregular flow of coal, and overheating 
more liable to occur. The ground space is, however, considerably 
less and the dry coal-handling equipment simpler. With both types 
of dryer, nuisance may arise from the line dust carried along by the 
hot gases which is not settled in the cyclone. In some recent 
installations, bag filters and Lodge Cottrell dust catchers have been 
used to prevent this from being discharged into the atmosphere. 

The Lopuleo Dryer . — ^This consists of a stationary vertical cylinder 
with an internal rotating frame carrying sixteen circular tables 
arranged in tiers. Each table is made of cast iron and has a set of 
steam coils cast inside it with inlet and outlet connections to the 
central revolving frame. The central frame and the tables are 
rotated by a pinion engaging on an internal rack on a spider casting 
at the top of the dryer. Coal is fed to the dryer by means of a plough 
and a revolving table and is spread uniformly over the first table by 
a spreader bar. Towards the end of one revolution the coal is 
scraped into a shoot which discharges it on to the table below, where 
the treatment is repeated, and so on. Air is admitted through 
perforations in one vertical section of the outer casing of the dryer 
and passes over the coal in each table, being withdrawn at a point 
opposite its inlet to a main common to all the tables. The velocity 
of the gases is therefore low. A quantity of 7J tons per hour is 
treated by an appliance occupying a ground space of 13 X 10 ft., 
using 50 lb. of steam per 1 per cent, of water removed. 

Conclusion 

No one type of dewatering or dr 3 dng appliance can be recom- 
mended for all requirements, and some are of very sp)ecial application. 
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For example, the power consumption of direct-heat dryers and 
suction filters is as high if not higher than the total power require- 
ments of a normal washery. On the other hand, slurry cannot be 
dewatered below 30 per cent, without recourse to these methods of 
treating, and in certain circumstances the power consumptions may 
be justified. The power used by efficient centrifugal dryers, although 
higher than that for dewatering screens, is efficiently used in effecting 
a greater dewatering. The power requirements and capital cost 
per hour of different appliances are given in Table III.: — 

TABLE III. 

POWER REQUIREMENTS AND CAPITAL COST OF DEWATERING) 
AND DRYING APPITANCES 


Appliance 

Horse power per ton 

Capital cost 

(per ton/ hi 


Fine coal. 

Slurry. 

Fine coal. 

Slurry 

Drainage hoppers 

0*25 

0-25 

^50-60 

£50-60 

Drainage conveyor 

0-3 

0-3 


£80 

Dewatering screen 

0‘2-0-4 

0-5 

1 0-40 

£10-40 

Suction Alters 

— 

2-3 

— 

£120 

Centrifuges 

0-5-1 

— 

;^25-50 

— 

Direct-heat dryers 

1-25-4 

2-4 

£70-90 

£70-90 


The cost of maintenance of efficient centrifuges is quite low, and 
compares favourably with the cost of dewatering screens. 

Poor coking coals may deteriorate by oxidation in a period of even 
a few days, and, for such coals, all forms of mechanical dewatering 
appliances have an advantage over drainage hoppers in eliminating 
the time for natural drainage. Dewatering screens are rapidly 
establishing themselves for dewatering washed slack for coking 
purposes, but efficient centrifuges are worthy of greater attention 
than they have recently received. Unfortunately, they cannot be 
used for slurry alone. Hoppers for drainage and drainage conveyors 
may both be considered to be obsolescent; the argument that 
drainage hoppers also provide storage accommodation may be met 
by referring to the high capital cost of a large number of small 
drainage hoppers, and the power required in elevating and distri- 
buting; it is preferable to allow extra storage bunker space by one 
large bunker after dewatering the coal by dewatering screens or 
by centrifuging. Suction filters are too expensive and use too 
much power to recommend for general purposes but may find appli- 
cation in special circumstances. Direct-heat dryers are primarily 
of importance for drying coal for powdered-fuel firing, for which 
purpose they alone are satisfactory. For other purposes they are 
expensive, use a lot of power, and except in the simplest design 
there may be a danger of local overheating. In washeries where 
the slurry is recovered separately, the use of a centrifuge for the 
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fine coal alone and a direct-heat dryer for the slurry is worthy of 
consideration. With this combination the centrifuge would dewater 
the fine coal to say 5 per cent, water content without passing much 
coal through the screens, and the slurry could be dried to say 10 per 
cent, water content. 


BIBLIOGRAPHY 

Tlie Drying of Small Coal, A. Grounds Fuel Economist, H)27, 2, 547, 560. 
The Dewatering of Coal (Carpenter Centrifuge). T A Long, Gas VV’orld, 1026, 

84 (Coking Section. June), 17. 

The Dewatering of Coal, Drainage Hoppers and Dewatering Scieens, Fille 
C'entrdiiges and Dryers "The Cleaning ot Coal,” \\ . R. Cluqunan a 
R. A. Mott, ( haps XXV, XXVL, Chapman and Hall, lajiidoii, 102t' 

Die Anwendiing des Schwimniverlahren '/ii Anlhcreiliing von Knlile, 
Schafer, Slahl nnd Eisen, 1925, 45. 44. 

The (\'ir])eriter Centrifuge, F j G. Duck, Co.d Age, 1927, .11, 219, ^ 

\ 



RESUME: 

Apres avoir drdmi la nature de I'eau integranle et ai'cideiitelle dii char bon, 
Fauteur reprend la question des forces par lesqiielles re.ui est retenue dans 
le charbon. A I’aide de donne(\s e.xperinieiif ales id d un grajiliicjiie, il deinon- 
tre ensuile la relation enlre la grosseur du chaiboii et la quantite d’eaii acci- 
dentelle retenue apres I'assecheinent jiar ecoulcinent sous p(‘sant('nr S’.ipjujyant 
sur le.s bases theori(|ues I'auteur etudie la cpiestioii de l.i Iniidi* d’assG lieiiient 
par ecoulemenl sous pesaiileiir, par (Vonleiueiil lorce et par eL;outt.ir.c 

Ensuite sont deents en detail les tlitieii'nls appareils (pn sont employes ])oiir 
(igoutter Ic charbon, a savoir. toms d’egoiittage, lamis egonttruirs, ion\'o\eurs 
egoullcurs, cribles, Idlres a vide, es.soieiisis el seclions tliennirpu's En 
ineme temps que la description do tons ces aiipareils, raultmr cite les Jrais 
de premier iHabli.ssenient pour line capacite doiinee, Ja consoininntion de hirce 
motnee et, qiiand c’ost jiossible, les donnees acUielles siir les Irais d'enlretien. 

Apres avoir consider^ Ie.s dilTicultes appurtenant a I'lisage de cha(]ue a])])ared. 
Fauteur, en conclusion, est d’avis c[ue les tours d’egoiittage et les convoyeurs 
(!*goutteurs tombent en desuetude, que les cribles s’etablisseut rajudement 
en faveur comme des appareils posseclant une grande slabilite de marc he et 
servant I’eguuttage contimi el econoniicpie des fines lavees clu charbon k 
coke; que regonttage du charbon pai les essoreuses pent etn* plus coinjilet 
que par les cribles, et quoique la coiisoinination d’eiicrgie mecJianujiie des 
premieres soit plus elevee, les frais d’entretieii ne sont pas eU'ves, que I'ln- 
convenient des essoreuses coiisiste en ce que I’on iie pent pas les employer pour 
I’egoiittage des sclilamms. De plus, Fauteur fait remarquer que Fon ne peut 
pas employer les filtres k vide pour d’autres buts speciaux k cause de Iciirs 
trai.s Aleves cF installation et d'exploitation. Tandis qiie Fon emploio les 
Sf^choir-; thermiques preniidrement pour le .seebage de charbon pulverise, leur 
emploi pour le s6chage des .schlamms merite d’etre con.suRr^. 
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Thi'. Size of Small Coal 

For the purpcjscs of this paper small coal may be considered to be 
that portion of a pit’s output that can be cleaned more cheaply by 
a mechanical process than by hand picking. The actual size, 
therefore, at which coal ceases to be large coal and begins to be 
small coal differs in different countries, in different coalfields in 
any country, and at different pits in any coalfield. Small coal itself 
is divisible into nuts and fines, but the dividing line is again ill- 
defined. 

It may be accepted generally that coal too large to pass through 
the apertures of a Tin. round-hole screen must always be cleaned 
by hand picking, although larger coal than this can be cleaned in 
certain w^ashers. At some collieries, however, it i.s considered 
satisfactory to hand pick the nut sizes of the coal from about 
4 to 2\ in., and at many collieries the coal is hand picked down to 
2i in and the smaller coal is not cleaned at all. 

'Faking efficiency into account, the actual size at which it becomes 
more economical to clean the coal mechanically than to hand pick 
it, is probably larger than is usually thought to be the case. It 
depends upon the nature of the raw coal, the degree of cleaning 
required, and especially upon the amount of shale in the coal 
and the proportion of middlings. Isolated particles of shale 3 in. 
in size can easily be distinguished and removed from the coal, 
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but if there is any quantity of intergrown and laminated middlings 
particles, or of coal particles enclosing pyrites, the coal below 3 in. 
in size cannot be hand picked efficiently. In British coals, 
middlings particles above 3 in. in size may consist of a lump of 
coal adhering to a lump of shale, but they are seldom truly 
intergrown particles. Intergrown particles are not often found 
except in the coal below 3 in., and the quantity generally increases 
in the smaller sizes down to about i or V.o in. They are more 
commonly found in the nut sizes of hard coal than of soft coal, 
and the size at which it becomes more economical to install 
mechanical cleaning plant is larger for hard coal than for soft 
coal. \ 

In this paper present methods of cleaning coal mechanically will 
be described as briedy as possilile. The factors chietly to be con- 
sidered in choosing a process for coal cleaning will then be stated. 

C( )AL-ClK-\N 1 N( . PROCKS.SL.S 

In cleaning the coal that is too small to be cleaned economically by 
hand picking there are a number of limitalions that must be 
imposed upon the plant and methods employed. Thus the plant 
must be cheap to install, operate, and maintain; the methods and 
plants used in chemical engineering generally are too expensive to 
use for coal cleaning, where 250 tons per hour is not an unusual 
throughput, and the refinement of which such plant is capable is 
neither required nor justified The plant must also be capable of 
efficient operation with unskilled labour, and the method should 
not be one requiring precise adjustmem or any quantity of 
consumable materials. 

It would be inconvenient to describe all modern processes for 
coal cleaning in a single pajier, and the description here is confined 
to stating the chief features of the principle processes, their 
respective advantages and disadvantages, going into detail suffi- 
ciently only to enable the operator to judge whether or not a 
certain process is worth consideration for his purpose. Fuller 
details of all processes can be found elsewhere ("The Cleaning 
of Coal" : Chapman and Alott, 1928, London) and from the com- 
panies concerned. For a comparison of coal-cleaning processes 
from the practical and operating points of view, a paper by 
Chapman and Wheeler (/. Soc. Chem. hid,, 1927, 46, 229T.) 
should be consulted. 
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The Baum Jig Washer. In all modern jig washers the coal is 
passed on to a perforated surface and intermittent upward 
currents of water are made to flow through the bed, causing the 
coal to accumulate in the uppermost layers. A downward flow of 
water through the bed between the upward currents is detrimental 
and is prevented as far as possible. 

In the Baum jig the washbox is U-shaped and is divided into 
equal parts by a central longitudinal partition extending a short 
distance below the surface. (3n one side of the partition is placed 
the sieve on which the coal is washed. The upward currents are 
created by an air pressure applied to the surface of the water in 
the second compartment of the wash-box. The air is admitted by 
a series of valves placed in line and parallel to the central partition 
and the air pressure causes water to pass from the air compart- 
ment into the sieve compartment and through the bed of coal. 

The raw coal is fed in a stream of water at one end of the sieve 
and is carried forward over the sieve in a direction parallel to the 
central partition. The heavy shale rapidly falls to the bottom and 
is removed through an opening at the rear end of the sieve, the 
sieve being inclined backwards to facilitate the passage of the 
shale towards the opening. The coal travels forwards and is 
gradually stratified more or less completely according to density, 
so that the clean coal passes over a wall at the forward end of the 
sieve and the dirt can be removed through a valve (or gate) at the 
foot of the wall. The dirt removal valve may be open continuously 
or may be operated intermittently. More regular washing results 
are obtained if the refuse discharge is continuous. The small dirt 
falls through the openings in the sieve into the body of the wash- 
box and is removed by a screw conveyor. All the dirt is collected 
in refuse elevators and the clean coal passes by a shoot to de- 
watering screens. 

Water enters with the raw coal and overflows with the washed 
coal ; additional water is admitted continuously into the body of 
the wash- box and minimises the harmful effects of the slight 
downward current that occurs when the air pressure is released. 

The usual practice is to feed unsized coal below about 3 in. into 
a “primary" wash-box. The washed coal from the primary box 
is screened and the coal below 2 in. is rewashed in a second box. 

The Baum jig has been more widely adopted in Great Britain 
than any other washer, though in Germany it has not been in- 
stalled so extensively as other types of jig. It is especially 
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suitable where large throughputs are required without sizing and 
without any extreme requirements as to efficiency. It is easy to 
control, but the power and water requirements are rather high. 
Because the tine dirt passes through the sieve and remains for 
some time in the hutch, considerable quantities of dirty slurry are 
produced. A separate middlings fraction cannot be obtained 
without a considerable sacrifice of efficiency and the cleaning of 
coal below ^ in. is not very satisfactory unless it is rewashed 
separately. 

Miscellaneous Jig Washers In jig washers other than the Baum, 
pistons or plungers are used to create the upward water currents. 
The wash-box is divided into two compartments, as in the Bauih, 
one containing the plunger and the other the sieve on which the 
bed IS siijiported. Many jigs, such as the Coppee and the Luhrig, 
are “cross” jigs, the coal travelling in a direction perpendicular 
to the division jilatc between the compartments, instead of parallel 
to it, as in the Baum and Humboldt, which latter are called“tiow” 
jigs. When washing fine coal in the Tuhrig and C'oppce jigs a bed 
of feldspar is placed on the sieve to minimise downward currents. 
The feldspar acts as a false bed and prevents coal passing with the 
fine dirt to the bottom of the wash-box. 

In ( lerman practice cross jigs ha\ e liecn widely used in recent 
years, thougli thev liave been less used in France and P>elgiuni. In 
America a number of jigs with movable sieves are used, the sieve 
u'itli coal resting on it being raised and lowered in the water to 
produce the currents through the bed. This crude method has not 
been used m Europe for many years. 

With many jigs other than the Baum the coal is sized before 
washing, but there is no evidence that this practice increases the 
efficiency The evidence rather suggests that washing before 
sizing is more satisfactory. Preliminary sizing complicates the 
plant, increases all the costs, and makes supervision more difficult. 
Plunger jigs are more difiicult to control and adjust than jigs of 
the Baum type, wherein the water is actuated by compressed air. 

The I^heolaveur Washer. The Kheolavcur i.s a scientifically 
designed trough washer. The coal is introduced into a stream of 
water flowing down a steeply inclined trough, in which stratifica- 
tion according to density is rapidly produced. The inclination of 
the trough is then reduced and the particles are deposited on the 
floor of the trough in the order of density, the heaviest being first 
deposited. The lowest layers are removed through apertures in 
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the floor of the trough, the apertures being enclosed by rheo- 
boxes. The rheo-boxes (or rhcolaveurs) are fixed to the underside 
of the trough and an upward current flows from them into the 
trough to control tlie nature of the particles removed. 

The number of Lrouglis and of rlieo-boxes attached to the 
troughs may be varied to suit the coal, and the number is greater 
the smaller the coal under treatment. In a complete washery coal 
under 4 in. is passed without sizing into a two-trough installation. 
In each trough are two rheo-boxes. The material discharged at 
the first rbco-box of the first trough is delivered to the second 
trougli for re-washing. The first rheo-box in the second trough 
rejects the refuse and the other products of this trough can be 
collected as middlings and can be used separatel} or be returned 
to the first trough and re-washed, after or without crushing. The 
material near the end of the first trough consists of almost pure 
coal and the second rlieo-box in this first trough removes any 
remaining dirt, together with some coal. This fraction is returned 
to the c)cle and re- washed. 

When all sizes of coal below 4 in. are washed in this way, the 
fines below J in. arc usuall> screened out and re-washed in a fines 
waslier. In this installation three or four troughs are used with as 
nian\ as twenty or more rheo-boxes If necessary the smallesi 
sizes ( slurry) can be further washed in a separate installation. 

'file Kheolaveur is the only washer able to wash nuts, fines, and 
slurr^^ and the ease wuth which the number of troughs and rheo- 
boxes can be varied renders ii the most adaptable of all washers. 
The onl> movinjj parts are the rewash elevators and an automatic 
valve 111 the primary or nut coal washer. The power and water 
requirements are low. 'Ihe initial and operating costs are lower 
than w'ith most other t\pcs of washer, and results suggest that it 
is more efficient. Indication of its general applicability is provided 
by the fact that it has been erected in greater numbers than any 
other washer during recent years. 

The Draper Washer. In the Draper washer the raw coal is fed 
into a vertical tube in which a fairly rapid upward current of 
whaler is made to flow. The coal is propelled upwards in the 
current, bul the dirt is not supported by the current, and sinks. 
The upward current is introduced tangentially, giving it a helical 
motion. The washer is probably the best of upward current 
w'ashers, but it has not hitherto proved popular, nor is it likely to 
do so, because of the necessity for close sizing before washing 
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and the small capacity of each unit (especially on fine coal). The 
power and water requirements are high, but the efficiency is high, 
and slurry can be cleaned with considerable success. 

The Chance Washer. The Chance washer has not been erected 
in Europe, but it has achieved considerable success in the anthra- 
cite fields of the U.SA. It may also be used for washing 
bituminous coal. The separation is effected by a current of a 
fluid mixture of sand and water flowing upwards in a conical 
vessel \\ hen the mixture is maintained in a constant proportion 
it behaves as a liquid of fixed specific gravity, and the effective 
specific gravity can be varied from about 1.3 to 1.8 to suit the 
coal to be washed Because the effective specific gravity is mad^ 
to approximate to tliat of the particles to be floated, the range o^, 
sizes that can be treated in one operation is much greater than\ 
when an upward current of water alone is used. 

In practice, coal from 4 in. to in. is washed without sizing. 
Coal below VlO in. cannot be washed because the current of water 
required to suspend the sand grains is too high to permit small 
dirt particles to sink easily through the fluid. The sand is re- 
covered from the washed coal and from the refuse by spraying 
them with water on jigging screens. 

Each washing cone has a very high capacity and the process is 
cheap to install and easy to operate. The operating and mainten- 
ance costs are rather high because of the loss of sand and the 
abrasive action of the sand-water medium 7'he convenience of 
treating unsized coal is largely offset by the inability to clean coal 
below Yifj 

Concentrating Tables. A number of makes of concentrating 
tables have been used for coal cleaning, the principal makes 
adopted being the Diester-Overstrom in America, and the H.H. 
(or Overstrom Universal) in England. 

The coal is fed on to' a riffled surface inclined downwards across 
its width and usually slightly upwards along its length. The 
riffles extend akmg the whole length of the surface and the deck 
is vibrated to and fro in a direction parallel to the riffles. This 
reciprocating motion is made to reverse rapidly from a forward 
to a backward direction, so that the particles in contact with the 
surface are jerked forwards along the table. 

A current of water flows across the table and washes the lighter 
particles over the riffles. The heavier ones sink to the lower 
layers and are jerked forwards between the riffles to the end of 
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the table. By adjusting the height and general arrangement of the 
riffles the material is spread horizontally into a thin layer which 
gradually increases in specific gravity around the edges of the 
table. 

Different makes of table differ in the means of producing the 
differential motion and the arrangement of riffling. The H.H. 
table has the simplest actuating mechanism, but the shape and 
riffling of the deck of the Deister-Overslrom give it a higher 
capacity. 

Concentrating tables are best adapted to cleaning coal below 
about J in., but can be used for sizes up to in. Prehminary 
sizing of the coal is reciuired, and operating difficulties are 
experienced with a coal of variable quality. Tables are cheap to 
install, imt the efficiency is frequently low and the vibration 
recjuires that they be housed in a rigid building. They are perhaps 
l>est adapted for slurry wa.shing, and one table would probably be 
sufficient for the majority of British washeries. The recently- 
introduced Broadway table, which has a lateral rocking motion in 
addition to the longitudinal vibration, is .specially designed for 
this purpose. 

Ih'oih Flotation, The separation of dirt from coal by froth 
notation depends upon the different wettabilities of coal and dirt 
surfaces. When suitable oils are added to water in the optimum 
quantities a stable froth can be produced by agitation, and coal 
can be more readily attached to the bubbles in the froth than the 
more readily wetted dirt. The coal is thus floated to the surface,, 
and the dirt .sinks 

Poal cleaning by froth flotation has been practised to a con- 
siderable extent on the Continent, but its use is limited to coal 
below in and the results obtained in industrial operation are 
not especially good. The strong retention of water by the washed 
coal renders drainage very difficult and the operating costs are 
high. 

-Many types of process have been devised, but those chiefly used 
are the Minerals Separation and the Kleinbentinck. The Elmore 
process has been widely used in ore dressing. It is said that with 
the new Elmore process coal up to Vic be washed and the 

concentrate can be drained to about 15 per cent, of water. The 
operation is conducted under a vacuum which can also be used 
for de- watering. 
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Pneumatic Separators. Pneumatic separators resemble concen- 
trating tables to the extent that both use a riffled deck on which 
the coal travels transversely over the riffles and the dirt is 
trapped between the riffles and propelled in a different direction 
by the reciprocating niolion of the deck. Instead of using a 
current of water across the table, however, a blast of air blows 
through the previous deck of the table and stratifies the particles. 

The riffles can be tapered and variously arranged, and the 
strength of the air current can be varied at different parts of the 
surface. The early separators required close sizing of the feed 
(in tlic theoretical ratio for separation in an upward current of 
air), but the improved arrangement of riffling and the air-directing 
devices have enabled the size ratio to be increased to about 4.l'^ 
on the Wye separator. Higher ratios may be possible with some\ 
coals, and it is claimed that all sizes of coal from 3 in. to 0 
can be treated on the Peale-Davis table, a claim that remains to be 
substantiated under British conditions. 

Pneumatic separators are expensive to install, and the results 
obtained hitherto suggest that the efficiency, especially on fine 
coals, is not so high as has been hoped. Jn operation the tables 
require considerable attention, especially with a coal of variable 
quality. The separation is visible to the eye, however, and this 
enables irregularities to be more easily noticed. 

The dust from the coal must be collected separately, and no 
entirely satisfactory means of collecting the very fine particles has 
been devised, nor is the collected dust a readily marketable com- 
modity. 

Spiral Separators C_)n spiral separators coal and dirt arc sejiar- 
ated by taking advantage of the different amounts of centrifugal 
force acquired by the jiarlicles as they slide down a vertically- 
disposed spiral thread. The coefficient of friction between the 
dirt and the metal of the thread is usually greater than that 
between the coal and the thread. Coal particles are thus less 
retarded by friction than dirt particles, and in sliding down the 
thread thc\ can acquire higher velocities. The centrifugal force 
causes them to pass towards the rim of the thread (which is 
inclined ujiwards from the axis) and pass over the edge into a 
collector, leaving the dirt particles sliding down near to the axis. 
Various modifications of the surface are introduced to increase 
the efficiency 
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It is said that, at one time, 22,000 spiral separators were in use 
in the U.S.A., but many of these have been discarded. Only a 
limited number of coals, chiefiy anthracites, are suitable for 
treatment on spiral separators, coal below ^ in. cannot be treated, 
and coal above ^ in. must be closely sized. The initial cost is high, 
but the operating cost is low, there being no moving parts in the 
actual separator. They are inefficient, require frequent adjust- 
ment, and the coal is severely fractured. 

Miscellaneous Processes. Jn addition to the processes and types 
of process described there arc a number of others which are 
still in the undeveloped state. These are the Raw, Berrisford^ 
Clean Coal, Dry Coal Cleaning^, and Kirkup processes. 

The Kaw process utilises air pressure in a novel wa> by causing 
a stale of lluidity in a bed of coal, thus enabling stratiheation 
stncllx according to density to take place. Unsized dry coal can 
therefore be cleaned, and the results obtained in three commercial 
plants that have been working for a considerable time are very 
promising [vide paper by Raw and Ridley). 

In the Berrisford process closely-sizcd particles of coal and dirt 
arc allowed to fall on to an inclined plane of glass The coal 
bounces down the plane and over a gap, whereas the dirt fails to 
bounce and slides dov\ n the plane and falls through the gap. The 
process is extremely cheap to install and operate, but its utility 
seems to be limited and the loss of coal m the refuse is high 
The Dry Coal Cleaning Co.’s process also depends, among other 
protierties, upon the different resiliences of coal and dirt. The 
dry, raw coal is fed on to an inclined and vibrating table. The 
dirt is concentrated against the end w^all, which is inclined to the 
direction of vibration, and the coal spreads out m a layer behind 
it. The (hrt is screened and the small sizes are re-treated on a 
similar table. The efficiency of the process in commercial opera- 
tion is doubtful, and its application is likely to be greatly limited 
by the small cajiacity of each unit and the considerable weight of 
appliance to be vibrated for so small an output. 

The Clean Coal Co.’s process may be regarded as a large-scale 
float and sink test, the dust being removed from the coal before 
treatment. The separating medium is calcium chloride, which 
gives solutions of specific gravity up to 1.4. The coal is skimmed 
from the surface and the dirt removed from the base by an ele- 
vator. Each fraction is washed with w^ater and drained. The loss 
of calcium chloride is minimised by concentrating the bulk of the 
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weak liquor, but there must still be some loss of the salt. The 
cost of operation is likely to be excessive and the wastage of 
water may be an objection in other cases. 

In the Kirkup process the coal is fed into a trough with a 
perforated bottom, beneath which is an air chamber connected to 
a rapidly rotating pulsator and fan. The coal is stratified and the 
layers are separated at the end of the trough The process has 
the advantage of working without vibration, but with the existing 
design the efficiency is not as high as is required. 

Tiik CiioK 1. OF A Cleaning Process 

The choice of the most suitable process to employ to clean small 
coal IS a matter for careful thought. The choice must frequently 
be influenced unduly and unfortunately by the question of first 
cost, especially in the present state of depression wdieii credit is 
restricted, but when a comiiany is in a position to install the most 
suitable process, as distinct from the cheapest, the principal 
guiding factors should be . — 

1. The market for the coal. 

2. The effect on the total cost of production of the marketable 
product. 

3. The circumstances in which the process must be operated. 

7'hc Market for the Coal According to the market in which the 
coal is to be sold, the colliery officials must consider whether only 
the nut coal or onl\ the line coal need be cleaned, or 
whether both nuts and fines must be cleaned. Nut coal is 
cheaper to clean, the difficulties of slurry (or ilust) disposal 
scarcely arise, and the efficiency is higher than in cleaning fines. 
In many of the Midland districts of Great Britain the large coal 
and nuts are sold largel\’ for domestic purposes and gas manu- 
facture, and must be cleaned before they can be sold, but it is 
frequently unprofitable to clean the fines because of the small 
margin between the price of washed and unwashed slacks. This 
may only be a temjiorary state of affairs, but where boiler coal or 
small coal for general manufacturing jjurposes can be sold without 
cleaning, the question as lo wdiether the cleaning of the fines is or 
is not profitable is worth investigation There are at present many 
washeries m which nuts and fines are both washed and where the 
fines are non-coking and contain about 15 per cent, or less of ash. 
In many of these cases il would pay to shut down the fines washer 
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and to remove the fines before washing the nuts. The unwashed 
fines could be sold to better advantage (taking account of the 
loss of output on washing) than the washed slack. 

In other districts where the coal is a coking coal, for example 
in Durham, it is often only necessary to clean the smaller sizes, 
for the nut sizes can be crushed and then cleaned prior to use as 
coking slack. With some coals the nuts are clean enough for sale 
without preparation (other than sizing). 

The third alternative, to clean both nuts and fines, is the most 
common in Great Britain as a whole. It is easy of accomplish- 
ment in such washers as the Baum and Kheolaveur, in which 
large quantities of coal from 3 or 4 in. to 0 are often washed in 
one box, or trough, only the fines through, say, J in., being 
rewashed In such washers the expense and inconvenience of 
sizing before cleaning arc eliminated, and such sizing as the 
market requires can be acconii)lished more accurately after than 
before washing. 

Market requirements also inlluence very considerably the ques- 
tion as to wdiether a dry or a wet process should be chosen. Wet 
processes are more efficient, but for some purposes the water in 
washed coal is detrimental. Unscreened Durham gas coal, for 
example, is carbonised in horizontal retorts, and dry cleaning is 
almost essential. i)n the other hand, water is very frequently 
added to coal before use, and the small amount of water retained 
by nut coal after washing is seldom disadvantageous to its sale 
or use. 

'J'hc Effect on the Cost of Production. With modern processes, 
such as the Baum and Rheolaveur, the costs for operation and 
maintenance of the cleaning plant should not be more than 3d. 
per ton of raw coal for a plant dealing with 100 tons per hour, but 
the absolute cost depends very largely upon local conditions, such 
as wages, rates, the cost of power, and whether the washer is 
working one, two, or three shifts. In general there is little to 
choose between the two processes, and there is little doubt that, 
reduced to a uniform basis, they are the two cheapest. Other 
processes requiring sizing are more expensive, not only on 
account of the need for screens, but also because a larger number 
of units must be provided. Concentrating tables and pneumatic 
separators are more expensive to operate for these reasons, and 
the vibration must make them dearer to maintain. It is difficult 
to bring froth flotation into the comparison because of the different 
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class of coal treated, but the power consumption is necessarily 
heavy and the total costs appear to be high. 

A comparison of published costs of operation is frequently decep- 
tive, and to be strictly comparable the amount of inside and out- 
side labour, the cost per unit of power, whether power consumed 
includes conveying to and from the vvashery, etc., must be slated 
and wages and other costs must be calculated on a uniform basis. 

By comparison with the costs for operation and maintenance 
the capital charges for coal-cleaning plant are high. The capital 
cost for a complete plant with building is usually between £10,000 
and £25,000 for a plant to treat 100 tons of raw coal per hour. 
Allowing 10 per cent, interest on capital and capital redemption^' 
in fifteen years, the capital charges amount to between 1.21d. and 
3.03d per ton of coal washed. To this must be added the cost 
of rates, taxes, management, etc , which are common to all yiro- 
cesses. 

The capital cost of the cleaning plant varies consideral>ly 
according to requirements, and special circumstances arise in 
almost every case. A strict comparison is therefore impossible, 
but it is usually considered that, in capital charges, the Baum 
washer and pneumatic separators (Wye type) are more expensive 
than most other processes, and that of processes that have been 
proved commercially successful, the Rheolaveur is about the 
cheapest of w^et washers. 

An additional factor to be taken into account in assessing the 
cost of cleaning coal by any process is the loss of coal in the 
refuse and the amount of breakage during cleaning. Ihoccsses 
such as that proposed by the Clean Coal Co. should ensure a 
smaller loss of pure coal in the refuse than concentrating tables 
and pneumatic separators, the efficiency of which is especially 
suiqect lo fluctuation with variation in the raw coal. On the 
other hand, simple flotation at a specific gravity of 1.4 would 
result in the loss of all the valuable middlings particles of 
specific gravity 1.4 to 1.6. These, whilst increasing the ash 
content of the clean coal by a mere 0.5 per cent , might increase 
the yield by 2\ per cent. 

The Circumstances in which the Process must he Operated. 
The factors that must be taken into account (other than those 
already dealt with) in deciding which process best meets an 
individual need may be summarised without discussion. These 
factors are : — 
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1. The nature of the existing plant (if any). 

2. The space available. 

S. The degree of cleaning and sizing required. 

4 Tlie nature of the raw" coal. 

[a) I’er cent, of fine dust 

( h) Friability 

1 r) Hygroscopic condition. 

id) C hemical nature of the impurities 

5. The regularity of the seams. 

(). 4'he throiighjiut required. 

7 W ater Mipply and requirements. 

Trii. C ost of Coal Cleaning 

The costs of ojieration and maintenance and the capital charges 
for coal cleaning have already been discussed in connection with 
the choice of a cotil-cleaning process. The chief cost to a colliery 
coinjiany of cle.nung its coal, however, is not connected with the 
nature of the jnocess used, but it is common to all processes, and 
it arises because some of the pit’s output, for which the costs of 
winning, loading and winding have already been incurred, must 
be discarded. An additional cost is represented by the coal re- 
maining ill the refuse. In many cases this amounts to 3 or 4 
per cent of the refuse, and may correspond to a loss of nearly 
Id. per ton. 

In general, to reduce the ash content of the coal to about 6 or 
7 per cent., the rejected material will contain about 60 or 70 per 
cent of , ash. and the output must be reduced by about 14 per cent, 
for ever\ 1 per cent, ash reduction. If the coal is to be cleaned 
to a lower ash content, the refuse must consist of material with 
a lower ash content than 60 to 70 per cent, and the loss of output 
will be still greater for each 1 per cent, reduction in ash content. 

The following example nia\ be taken as typical of the case at a 
large number of British collieries. The coal is actually a South 
Y orkshire coal with the following float and sink analysis . — 


S G. 

< 1,35 

\S eight 
per cent 

70.9 

j)ei ( ent 
20 

1.35-1.40 

4.5 

11 0 

1,40-1.50 

3.9 

14.3 

1.50-1.60 

2.9 

196 

> 1.60 

17.8 

67.0 

Total 

... 100.0 

15.0 
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From the washability curve of this coal the minimum loss of 
output may be determined, and this is shown in the following 
Table : — 


Ash in washed 
coal, per cent 

80 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 


Minimum loss ot 
output, per cent 

9.0 

10.7 

12.4 

14.0 
16.6 

21.0 

29.1 


\ 

To reduce the ash content to 8 per cent, the loss of output iA 
only 1.3 per cent, per 1 per cent, of ash reduction. To reduce the 
ash content from 8 to 6 per cent, the additional material that must 
be rejected amounts to 1 7 per cent, per 1 per cent, ash reduction. 
Washing from 6 to 4 per cent., each 1 per cent, reduction of ash 
means the loss of 2 1 per cent, of material, from 4 to 3 per cent 
the additional loss is 4,4 per cent., and from 3 to 2 per cent S 1 
per cent. 

It IS obvious from these figures that the cost of producing clean 
coal, as influenced by the loss of output, increases enormously the 
greater is the reduction in ash content of the coal, and this fact 
should be borne in mind by consumers who demand very clean 
coal. Unless the consumer is prepared to pay a substantial 
premium for a reduction of ash from, say, 6 to 3 per cent., it will 
be much against the producer’s interest to offer 3 per cent, ash 
coal. It is, indeed, not to the producer’s advantage to wash coal 
more than he is actually compelled to do, and the cost of washing 
increases very rapidly the lower the ash content of the washed 
coal 


♦ KfilStiMT 

La grandeur eJes "petite.s liouilles" csl fixee par I'auLeui conimc cellc ou il se 
trouve plus avantageux iL nettoyer Jes charbons d'uno manu're m6caniquc 
qiie de fairc disparaltrc les schistes dc mam. 

Tous les precedes moderne.s employes pour rultoycr les ' petitcs houilles" 
^(int dccrits en peu de mot.s jj.ir rapport leiir.s av untages c*t leiirs desavantages 
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respectifs. L’auteur ^numdre ainsi Ics faits qui m^ritent la plus grande 
consideration dans le choix d’un proc^de pour le nettoyage des charbons; — 

1. Le marche destine aux charbons. 

2. L’effet sur les frais totaux des produits vendablcs 

3. Les circonstances ou il faut que le precede soit applique. 

Ces faits sont considercs en quclque detail et la question du pnx du nettoyage 
des charbons fait le sujet d’un examen rapidi- 
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Introduction 

Methods of cleaning coal which depend on differences of 
S])ecific gravity are well known, and ha\e l)een j)ractise(l success- 
full} for man}' years. They are suitable only for coarse inalenal ; 
jigs cannol be used successful!} for cleaning coal of less than 
1 mm. in size, and tables are useful only for inalenal o\er 0 3 mni 
in size. It IS generally admitted that the jiresence of very fine 
material in the jig circuit is undesirable, and some authorities 
contend that it is highly detrimental to efficiency; in man} case''. 
American practice has been to remove the fines from the dry 
raw coal, jig the coarse sizes and add the untreated fines (below 
4 mm.) in a dry state to the drained, washed product. As a 
general rule, however, ihe fines contain so much dirt that theii 
addition to the washed coal would increase the ash content of the 
product above the market requirements. 

During recent years, numerous patents have been granted for 
methods of cleaning fine coal by froth flotation. This process 
is applicable to all sizes less than about 3 mm., and therefore 
forms the natural complement of gravity methods used for 
coarser sizes. The efficiency of the froth flotation process is 
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maintained however small the particles may be; it has pro\ed 
successful on pond slimes of impalpable size. 

C )ri'.KATlON 

The cleaning of coal by froth flotation involves the following 
conditions : — 

(a) The material to be treated is mixed with sufficient water 
(say four times its weight) to form a mobile mixture. 

[b) Finely divided bul)bles of air are disseminated through the 
aqueous mixture T’articles If) winch a sufficient numbei- of 
bubbles attach themselves will rise to the surface, where thc\ ma\ 
remain supported in the resulting froth Particles to which 
bubbles do not attach themselves sink to the bottom of the con- 
taining vessel. 

It has been found that minute bubbles attach themselves readily 
to particles of bright coal, but not to particles of shale. Conse- 
quently' bright coal and substances like shale in an aqueous 
mixture can be sejiarated by' producing a sufficient number of 
minute bubbles of air therein. To float a ton of bright coal 
particles (sg. 1 35), at least 260 litres of air, in the form of 
minute bubbles, rnu.st be attached to the coal particles, and to 
disseminate this amount of air through the mixture of coal and 
w^ater certain conditions must be complied with The air itself 
may be introduced into the liquid mixture from above by' 
sj)lashing or by' vigorous motion of a mechanical agitator shaped 
like the j)ropeller of a steamship; or from below, through porous 
earthenware or a i)ermeal)le medium, .such as canvas; or through 
an air pipe jirovided wdlh an orifice in the region of reduced 
pressure of a mechanical agitator. The mere introduction of the 
air does not ensure that it can be disseminated in the form of 
minute bubbles; for this to be achieved, the properties of the 
water must be niodilied, preferably by' the addition thereto of a 
small (luantitv of certain soluble substances, such, tor example, 
as crcsol, which diminish the surface tension of water. 

The minute air bubbles will attach themselves readilv toparlicles 
of bright coal. It is generally necessary, however, to float, not 
only the bright coal, but also “bony” or bastard coal of sufficient 
calorific value. The addition of a limited quantity of an insoluble 
oil, such as kerosene, will secure this end. Apparently the oil 
forms a film on the particles of greater calorific value in prefer- 
ence to those of lower value, and air bubbles attach themselves 
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to the particles whose surfaces are filmed; thus the addition of 
oil can be regulated so as to recover that part of the coal which 
is required, while the remainder is discarded. The amount of 
insoluble oil required (less than i Kg. per ton of coal) is so small, 
and it must be distributed over such a large surface, that it 
would scarcely suffice to produce a uniform mono-molecular 
layer over the particles that are rendered floatable. If material 
high in ash is to be excluded rigorously from the concentrate, a 
small addition of an alkali, such as sodium silicate, is useful, 
particularly when the coal is contaminated with fireclay. The 
fl(jtation of fusain ma)' be prevented by the addition of starc|T in 
small quantities (a few ounces per ton of coal). 

In carrying the froth flotation process into effect on a ctJUinyM- 
cial scale, the fine coal to be cleaned is fed with water intd, a 
chamber in w’hich it is stirred vigorously by an agitator shaped 
like the propeller of a steamship. While the aqueous mixture is 
being agitated, the frothing agent {e,y , cresol) and the oiling 
agent (eg, kerosene) are added and thoroughly mixed therein; 
creosote oil, which comprises both a frothing and oiling reagent, 
has also been used. About J lb. cresol and lb kerosene per ton 
of coal treated will usually suffice. 

Multitudes of minute air bubbles arc formed and disseminated 
throughout the mass, which then Hows into a second chamber 
where relative quiescence permits the coal particles to which 
bubbles are attached to rise to the surface and form a stable 
froth. The residues pass into a second agitation chamber where 
additional aeratiim is effected, followed by transference to a 
second froth- bnining compartment, and so on. In general, a 
machine comprises six or more agitation chambers. About 
3 H.P.hr. are required per ton of material treated. One labourer 
can control flotation machines treating 60 tons per hour. 

The froth flotation process for cleaning coal is now extensively 
used on a commercial scale. A plant in continuous ojieration 
since 1924 at Bargoed, South Wales, treats fine coal below 2 mm. 
in size, containing about 22 per cent, ash, and j)roduces a con- 
„ centrate containing 4.5 per cent, ash and residues containing 
70 per cent. ash. As a re.sult of the success of this installation, a 
plant is now under construction at Bargoed to supply the needs 
of a new battery of thirty-five by-product coke-ovens of the latest 
type which will carbonise coal flotation concentrates exclusively. 

Froth flotation provides a means of separating certain particles 
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from other particles in an aqueous mixture; when applied to the 
cleaning of coal, the procedure is determined by the character of 
the coal and the market requirements. If bright coal were con- 
taminated merely with shale, a clean separation of the coal and 
shale could be effected. Most coals contain bony material of 
variable ash-content, and it is necessary to arrange the conditions 
of the flotation so that bony material containing more than a 
certain percentage of ash is not floated. 

Before deciding on the flotation treatment to be employed, it is 
advisable to determine the characteristics of the coal to be treated 
by float and sink analysis. Mixture*^ of bromoform, carbon 
tetrachloride, and benzine, having specific gravities of 1 3, 1.35, 
1 4, 1 5, 1.6 and 1.8, may be used with advantage. When the 
proportional weights of these fractions and their a.sh, sulphur 
and phosphorus contents have been determined, the character of 
the coal is known, and the maximum weight of a product of any 
desired grade of purity can be ascertained. 

The flotation operation can be carried out so as to sejiarate the 
coal into graded fractions, which can be combined as recpiired so 
as to produce the most useful product. 

Tine coal ( 1 mm. — 0) from a coal mine in the Pas de Calais, 
containing 21 per cent, ash, was separated into fractions, first by 
the use of heavy liquids and then by froth flotation. The results 
obtained are summarised in the following tables : — 


FLOAT AND SINK ANALYSIS 


Weight of fraction Ash 

per cent. l>cr cent. 

67 ... 4 

5 ... 18.4 

8 ... 31.0 

20 ... 74.6 


FRAC TIONATION BY FROTH FLOTATION 


Weight of fraction Ash 

per cent. per cent. 

68 ... 5 

5 ... 19.6 

7 ... 31.0 

20 ... 72.3 


When the flotation of fines has been carried out, as a comple- 
ment to the cleaning of coarser sizes by gravity methods, the 
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flotation concentrates have usually been added to the washed 
coarse coal and drained in suitable bins, or the like. This 
procedure has been used very extensively; in Germany alone, 
about 1,000,000 tons of fine coal arc cleaned by flotation annually 
and disposed of in this manner. The absence of clay and similar 
substances from the flotation concentrates facilitates drainaj^e. 

Flotation concentrates can be briquetted without preliminary 
diying^. The concentrates associated with their own weight of 
w^ater are heated to 60 to SO'^’C.'., and a mixture of tar and pitch, 
amounting to 3 to 5 per cent, of the weight of the coal, is added 
during agitation. The tar and pitch coat the coal particles with 
thin uniform films and intense flocculation or agglomeration is 
produced. The water can be .squeezed out of the mass, and, on 
subjecting the agglomerates to a pressure of 2 tons per sq. ih in 
a mould provided with narrow slits for the escape of the water, 
excellent briquette.s are produced. After standing for a few 
hours the moisture contained in the briquettes falls below 4 per 
cent 

This method of briquetting can be used lo de-watci coal con- 
centrates that are to be u.sed for coking witli an improvement in 
the character of the coke. A coal from the Saar Valley, which, 
in ordinary circumstances, produces an inferior coke of a friable 
character, was briquetted in this manner and subsequent!) coked, 
with the result that a fine-grained, coherent coke, with a crush- 
ing strength of 161.7 Kg. per sq cm, was produced. 

Coal concentrates, as obtained from a froth flotation plant, are 
associated wnth about their own w^eight of water. They can be 
filtered and dried more readily than the fine coal from which 
they w^ere produced, owing lo the fact that clay and finel) divided 
shale, winch have been discarded, retain water with great tenacity. 
By the aid of vacuum filtration the moisture associated with 
flotation concentrates can be reduced l<i about 15 j)er cent. V acuum 
fillers have been develo]ied on a commercial scale for the treat- 
ment of ore slimes, and remarkable success has been attained. 
In order to obtain like success in the filtration of coal the dimen- 
sions of the machine should be extensively modified. The 
coarsely granular character (jf the coal concentrates requires 
very rapid removal of water and the formation of a comparatively 
thick cake; consequently, the relative dimensions of the filtering 
area and the pipes that carry away the water require radical 
modification. Further, metallic cloth of 0.5 mm. aperture has 
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})ten used to replace the cotton twill generally used for ore 
treatment. 

('oal containing 15 per cent, moisture is not suitable for coking 
under modern conditions. Direcl heat driers have been oi)erated 
successfully to reduce the moisture to 0 per cent. 

The outstanding characteristic of froth llotation, as compared 
with other methods of cleaning coal, is that the concentrates are 
naLurally jiroduced in six or more fractions of graded ash-content, 
and these fractions can be combined to form a number of 
products to suit the market requirements. Unless full advantage 
is taken of the possibilities thus afforded, much of the usefulness 
of the process is saenheed. 

Lie ONOMIC CoNSIDJ’.K \'| IONS FOR Till-. IroN AND StEEL InDEsTRY 

Man\ iron and steel jiroducers control their supplies of raw 
coal, and in such cases it is inexcusable for the cleaning of the 
raw' coal to he governed l)\ the requirements of a maximum 
output of coke at a specified ash, sulphur and phosphorus content, 
d'he interest of the iron or steel producer demands the most 
economical production of ])ijL;-iron or steel, and this condition 
alone should govern the cleaning of the raw coal. 

Mr U S (nil, in a paper read at the (dasgow meeting of the 
I roll and Steel Inslitute, YJ27, published the results of operating 
a lilast furnace ])l:mi for two periods, each of live weeks, all 
conditions remaining constant except the ash-conleiit of the coke, 
'file results arc shown in the following table : — 



erioci I 

Period TI 

.\\'era,i;e ash in the coke, per cent. 
.\\erage weekl\ make of pig-iron, 

12 15 

9 76 

tons 

3311 

3819 

'roiiname of No 3 grade, tons 

210 

134 

IkTceiitage of No. 3 grade 

Average pressure of blast, lb. per 

6 34 

3.51 

sq. in 


4i 

Increase in make, per cent 

Reduction in coke consumption. 

. 

15.4 

cwt. per ton of jag iron 


1.01 


These results disclose the striking fact that 55 tons of additional 
ash ill the coke used reduced the outfuil of iron by 508 tons, from 
which it may be inferred that each ton of ash diminished the 
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output of iron by about 9.4 tons. Considering the heavy overhead 
charges inevitably incurred in smelting iron, such a reduction 
of output must have an imjKDrtant effect on the cost of production 
of the iron. 

It is obvious that the introduction of ash into the furnace will 
generally diminish the output; the ash occupies space that other- 
wise might be occupied by ore and carbon, and, in general, its 
presence necessitates the use of additional fluxes that occupy 
still more space. The results published by Gill indicate that the 
advantages of using coke low in ash are much greater than would 
be anticipated from these considerations. The rapid combustion 
of the low-ash coke may produce a higher temperature lil the 
zone of combustion and accelerate the rate of smelting. 

It is worth while to analyse (iill’s results so as to estimate the 
financial loss incurred by the introduction of each ton of ash into 
the furnace. 

Tt is assumed that, in Period I, 24 cwt. of 12.15 per cent, ash 
coke were used to smelt each ton of pig-iron. The tonnage of 
coke used in Period I has been calculated on this basis, and the 
tonnage in Period II, which is less by 1.01 cwt. per ton of ])ig- 
iron, is calculated bv difference. 



^eriod I 

I’rnocl II 


Tons 

Tons 

Coke used 

3,973.2 

4,39(3 

Ash in coke . . 

482 7 

428.5 

Carbon in coke (by difference) ... 

3,490.5 

3,961.5 

Difference in quantity of a'^li charged 

i 54.2 

— 

Difference in quantity of j)ig-inni made 


-1 508 

Carbon used for output of Period 1 

3,490.5 

3,434.5 

Carbon used to smelt extra ash 

1 50 

— 

Carbon used for each ton of ash ... 

1.033 



Thus, in F’eriod 1, compared with Period II, there was : — 

A decrease in quantity of ash of 54.2 tons. 

All increase in outjiut of pig-iron of 508 tons. 

The reduction in output f)f pig-iron due to each ton of ash in 
charge was, therefore, 9.4 tons 

The financial loss incurred was not limited to that due to the 
diminished output of iron ; the addition of the ash also neces- 
sitated the u^c of extra coke and flux. 
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EXPENSE DUE TO 1 TON OF ASH 

Shillings 


(1) To loss in output of pi^-irou ; 9.4 tons at selling 

price of pig-iron, less cost of raw material and 
handling, say, 16/- per ton ... ... ... 150 

(2) To additional coke required to smelt 1 tun of 

ash, say, 1.15 tons at 17/6 per ton .. ... 20 

(3) To coke-oven expenses on 1 ton of ash ... ... 12 

(4) To additional limestone to slag the ash, 2 Itjiis 

at 5/- ^ ... ... ... 10 

(5) To sulphur and phosphorus 

(6) To increase in No. 3 iron ... ... ... ... 

(7) To increase in blowing costs ... ... eslimatec 

Total ... 192 


The expense incurred by adding a ton of ash to the furnace thus 
amounts t<j 192 shdlings. No allowance has been made for 
exj)ense due to items (5), (6) and (7). 

The economic advantage of using low-ash coke will now be 
evidenl. In general, the reduction of ash in coke can only be 
attained by discarding those fractions of the coal which contain 
an undue amount of ash, and the economic conditions which 
should control the cleaning of coal for the production of metal- 
lurgical coke are that no fraction of the coal should be carbonised 
if its ash-content entails a smelting expense greater than the 
direct loss entailed by discarding that fraction. The following 
example will make this point clear : — 

A Scottish coal, containing 15 per cent, ash, wa^, cleaned by 
flotation, three fractions being produced The amounts and ash 
contents of these fractions were as follow : — 


fraction per cent. 

Ash content per ceii' 

77.9 

3.6 

6.4 

17.1 

15 7 

71.3 


If fractions (1) and (2) were combined, 84.3 per cent of the 
coal containing 4.7 per cent, ash would be utilised. Using only 
the first fraction, 77.9 per cent, of the coal containing 3.6 per cent, 
of ash would be utilised, and 6.4 per cent, of the coal containing 
17.1 per cent, ash would be discarded. About 6 tons of this dis- 
carded material would contain a ton of ash, and the introduction 
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of this ash into the furnace would entail an expense of 192 
shillings. The reuKJval of one ton of ash could therefore effect a 
saving of 192 shillings. From this ligure should be deducted the 
cost of the 6 tons of material and any charges it has borne, which 
together may be estimated at 60 shillings Thu^ the net gam 
amounts to 132 shillings, which is equivalent to a saving of more 
than Is. 6d. per ton of pig-iron produced. It should be noticed 
that this sa\ing results from the rcaluction of the ash m the coal 
from 4 7 to 3 6 per cent. In practice, the advantage would be 
greater than this, since the 6 tons of 17.1 per cent, ash material 
could be used profitably for boiler liring. 

Lbiiformitx^ in the coal used for producing metallurgical cpke is 
recognised as being even more im[)Oiiant than its puritv. 
tioii in the quality of the raw coal cannot be avoided ; bu(^^ the 
separation td a fraction to be used for boiler liring fac]lilate> iIil 
maintenance of uniformity in the coking product. 

Although these jirmciiiles have not heretofore been u^ed for the 
jirodnction of coke of ver\' low ash content, tlicy ha\e been eni- 
ploxed, using gravitx’ melhods, for mam- \ears on the Continent 
for the production of coke of standard grade, ic, 10 per cent 
a^h Many inferior ( onlmental coals contain only negligible 
fractions of low' ash content, and low-ash coke could not be made 
from them. It has been necessary to separate graded fractions 
of these coals, and to utilise onl\ the inner fiactujiis. ni order to 
make coke of 10 jier cent. ash. 

d'he jiurity of Durham coals affords opportunity for the utili- 
sation of the same princiiikys to ])rt>diice siqier-coke with an ash 
content of 4 jier cent or less. I'lom the dotation concentrates 
of Durham coal coke of I per cent ash has been produced 

In the case where a coal contains sidiihur and phosphorus m 
undesirable quantities, the distribution of these sulistances in 
the various fractions shoukl be determined so that the cleaning 
operation can be most profitably controlled. 

Slack, as generalh' used for coking, includes all sizes below' 
10 mm. It would be advisable to scqiarate sizes above 3 mm , 
as these can often he sold to belter advantage in other 
markets. The material below 3 mm. could he treated by froth 
notation for the production of coke. 

Coke made from flotation concentrates is fine grained, uniform 
in structure, and yet burns readily Its uniformity, combined 
with its strength, results in a minimum production of breeze. 


382 



GREAT BRITAIN: COAL CLEANING BY FROTH FLOTATION 


One effect C3f the uniform texture and absence of cracks in 
coke made from flotation concentrates is that its average 
moisture-content is le.ss than that of coke produced from coal 
cleaned by (3ther methods. 

A Cumberland coal lliat was cleaned by a gravity method and 
then coked i)roduced 4 5 per cent, of breeze; after the suh'^titu- 
tion of flotation as tlie method of cleaning the bree/e produced 
amounted to onlv 1.5 per cent. South Wales coal cleaned by 
jigging [iroduced coke v\'ith a crushing strength of 100 Kg. per 
sq. cm.; the same coal is now cleaned by flotation and the coke 
produced has a crushing strength t^f 176 Kg. per sq. cm 
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RFSI'MC \ 

Lc JaA'age dcs lines par flott.igc cst tUcompli on mrlungcaiil Ics fines aVec de 
I’eaii et en ihsscminant des bulles d'air nienues c\ travens tout lc melange. 
I.es bnlk\s adherent a tertaines particules, plus partu uliereiiu nt c\ celk’s dc 
charbfin bnllant. ct les renionteiit a la siirlace nCi dies foimeut une iiiOiisse 
persistante. JJ’aulres reactils peuvent etre ajoutes alln dc modifier les 
sut laces des particiiles, et ainsi, oii bien lacililei on bien annuler railherencc 
des bulles d’air auxdites particules. Par ce innyen on pent fain* Hotter non- 
seiilcmi'iit lc tliailmn bnllant, mais aussi des luixUs ayant une valtnir calon- 
fi(pic sullisamiiK'nt grande I-e procctle pent tiouver son apphialion it 
n'lmportc qindle inatierc aii-dessous de 3 inin . il il nhissil ,ivec les schlaniins 
les plus fins Le diarbon lave est produil dans une sfnie dc ira< lions avec 
pourcentage dc eendres gradiie, ces fractions peuvent etn* LOinbinees aim de 
former des produits qui s(‘ lonfonnent au inic'ux an x besoms dii loniuKuae 

L’humidite qui accoinpagne le charbon flotte pent etre leduite par (iltrage 
it vide, I’apphcation de dialeur est nece.ssaire pour obtenir un yilus liaul degre 
de sechage. Le diarbon flotte pent aiissi elre briquette sans sei hage pre- 
liminaire. 

Dll coke ayant iin pourcentage de cendres au.ssi faible (jue 1,9 j)our cent a 
etc produit avec du charbon flotte. L’einploi de coke ii faible pourcentage de 
cendres assure des avantages importants dans la production du fer el de I’acier. 
Nous avon.s donne des preuves cpii niontrent qiie rintroduction d une tonne 
dc cendres dans un haul fourneaii cause une reduction de 9 tonnes dans le 
debit de fonte en gueu.ses, ce qui signifie une jierte nionetaire marquee 
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Introduction 

The increasing demand for dry clean coal during recent years has 
3timulati*d investigation and invention m the field of pneumatically- 
operated separating machines. The art is by no means new. 
Numerous types have been devised for the dry treatment of metalli- 
ferous ores and recently some of these have been adapted to the 
treatment of coal 

The economic conditions of coal treatment are different from those 
governing ore dressing. The relatively low value of the coal and 
the large quantities to be treated require stringent conditions to be 
satisfied by the design and operation of the plant. As the reward 
for the improvement of the product is of an indirect character, it is 
essential that the necessary plant should not be subject to a pro- 
hibitive capital outlay or be expensive in ninning and maintenance 
costs. The conditions of colliery working also demand a plant of 
a robust and practical character, simple of control and not requiring 
such elaborate adjustment as is permissible in low-capacity plants. 

Several methods have been developed to accomplish this separation 
without recourse to wetting the coal, but in these it has generally 
been sought to employ the principles adopted in water separation, 
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with the substitution of air as the differentiating medium. Reliance 
has been placed upon the motion of the air to produce the separating 
action. 

Many pneumatic separators have been devised on these principles, 
usually taking the form of air ]igs or vibratory tables operating 
on thin streams of material. Most separators of the air-]ig type are 
unsuited for coal treatment. The}' have usually been designed 
to treat small quantities of finely comminuted material of a parti- 
cular character, and are therefore too limited in their apjilication. 
The vibrator}' type of table , Sutton, Steele lS: Steele and Arms 
types) alone has so far found any general commercial apjdication for 
coal treatment, and the limitations attendant upon the api)licatio\i 
of tlie ])rinciples underlying the operation of these types led t6 
an investigation which has resulted in the dev^tdopment of the nev\^^ 
]ir()cess described in this paper and utilised in tlu‘ Static J^ry' 
Washer. This process, though coming within the general 
classification of pneumatic separation, depends upon the employ- 
ment of f undamentalh’ different ])rincipl(‘s irom those hitherto 
adopted. 

Tht‘ principles underlying the operation of th(‘ earluM' tvpe will first 
be discussed, and this will be followed by an account of the results 
of experiments with the new process. 

Ex \MI \A'l ION or THE (iENERAL PRINCIPLES IIllTII RTO \PPLIEJ) TO 
P N V V M ATIC Se PARATIO N 

(a) The use of an air citrrenl. As air and wattT an^ both fluids 
and callable of applying force, they can both be* emplov(‘d to .ichieve 
separation in the same way, though the different plnsical projxuties 
of the two fluids modify the effects. Hoth Hinds, when in motion, 
exert force on obstructing surfaces, but whereas water exerts a 
con.siderable buoyant foiC(‘ on bodits immersi'd in it, the force of 
buoyancy is practically non-existent in air, thereby retlucing its 
ctlecti\'eness as a sejiarating medium. 

In pneumatic separation as a]iph(*d to tlie earlier types of machine 
the effects of fluid resistance are brought into pla\' by subjecting 
a layer of the materials on a pervious support to the thrust of 
vertical air currents ])a.ssing upwards through tlu* IrhI so that the 
lighter particles are elevated or balanced while the heavier remain 
on the pervious surface. Those p.irticles which are too heavy to 
be balanced by the thrust of a particular velocity of air current 
comprise the lower layer, whilst lighter particles which are balanced 
by the same current occupy the upper layer. Assisted sometimes 
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by mechanical vibratory motion and sometimes by gravity, the 
layers are separately discharged. The separation thus depends 
upon an initial stratifying operation followed by the mechanical 
operation of separating and removing the different strata. 

The principle underlying the stratification is the same in all separa- 
ting machines of this type, but the actual separation is accom- 
plished by a variety of means employing different types of apparatus. 

(6) Theory of stratification by air currents. When a body falls 
through a fluid under the influence of gravity, its fall is opposed by 
tln‘ eddy and frictional resistance of the fluid set uji by the motion 
of the bod\\ Tlie resistance incieas(\s with Iht' velocity of the body 
until a stage is reached wlum it has so high a value that the motion 
of the body is no longer accelerated. The resisting force then 
balances the effective weight of the body m the fluid. Tlie body 
continues to fall with a uniform velociU. this value being named 
its “terminal velocity.” Since the tiTminal velocity is determined 
by tile magnitude of the lluid resistance, winch, m turn, is de])endent 
upon the relative motion btdween the llind and the bodv , a current 
of the fluid flowing at the terminal veh eity will ])r(‘sent a like resist- 
ance to the same body when stationary. If this current be rising 
verticallv the body will be balanced. 

The velocity of fall ultimately attained by a falling body only 
represents the relative velocity between bodv and fluid when the 
size of the former is small compared with the confines of the latter, 
so that no upward currents ol any consequence are caused bv dis- 
placement of the lluid. When these conditions do not obtain, the 
balancing or terminal velocity is that which actually exists between 
the body and the lluid flowing past it. 

Very little data of practical value have been available on the 
subject of the fluid resistance ot air to inoMiig bodies. The experi- 
ments and analysis of R. (k J-unuon,^ have, however, now 
established the effects of this resistance, making reliable calcula- 
tion possible. 

Lunnon’s exptTiments consisted in dropping spheres of dillerent 
sizes and materials down pit .shafts under accurate and favourable 
experimental conditions. The times of fall ov^er measured distances 
were determined, and from these values, together with known data, 
the effects ol the re.sistance of the air could be computed and the 
conditions of fall examined. Tt was shown from the experiments 
that the resistance of the air to the motion of .spheres over the range 
of sizes used in the experiments (4 to J in. diameter) was pro- 
portional to the square of the diameter and the terminal velocity 
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was proportional to the square root of the diameter times the 
density of any sphere. A formula (see also Appendix) was deduced 
by Lunnon for the actual value of the terminal velocity of any 
sphere within the range. This range is sufficiently comprehensive 
for the purposes of application to the subject of this discussion. 

With very small particles the fluid resistance follows a different 
law, according to the recent investigations by Martin^ the air 
exerting a relatively greater resistance. The effects with these 
very small particles will not be considered in this paper. 

To stratify particles successfully by the apjdication of the fore- 
going principles, it will be seen that .since the thrust of the movirig 
air is exerted against portions of the particles’ surfaces, the arcaJB 
of these surfaces are of account, and consequently, in order that 
pieces of coal may be stratified above pieces of stone, the .sizes of all 
the particles must be confined within certain limits If such is not 
the case large coal particles will remain at the bottom of the bed 
with the stone, and small stone particles will be earned to a higher 
level with the coal. This may be illustrated by considering two 
spheres resting on a pervious support and of the same diameter, one 
of coal of density 1 -3 and the other of stone of density 2-6, exposed 
to a vertical air current. The current will exert an equal thrust 
on each particle. Suppo.se a velocity of air be applied which is just 
insufficient to balance the weight of the stone particle, the coal 
particle will then be lifted while th6 stone remains on the support. 
The weight of a sphere is proportional to the cube of its diameter, 
and as shown by Lunnon (loc. cit.), the thrust exerted by the air 
current is proportional to the square of the diameter. In order, 
therefore, to make the weight of the coal sphere m air equal to the 
thrust of the air current, its diameter must be increased two-fold. 
That is, the diameters of the spheres which are balanced by the same 
air current are inversely piroportional to their effective densities. 
The coal is now no more affected by the air current than the stone 
and will remain be.side it on the pervious support. Similarly, if a 
velocity is applied which will just balance a sphert‘ f)f coal, the 
diameter of a sphere of stone which will be equally balanced will be 
half that of the coal. If it were any le.ss than this, the stone would 
be raised above the coal. Thus the diameter of spheres of coal 
and stone which are balanced by the same velocity of air current 
mark the limits of size between which proper stratification by this 
method can be effected, and the-se limits are such that the diameter 
of any coal sphere must not be more than twice that of any stone 
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sphere, that is, sizing in a 2 to 1 ratio must precede the stratification.* 
If this ratio is not adhered to, accurate stratification is not obtained 
and, in practice, the materials must therefore be subjected to a 
sizing operation cither beforehand or on the table. 

To accomplish the balance of particles the air must pass them at 
a speed equal to the terminal velocity. Lunnon's determination 
of these velocities leave their values, and consequently those neces- 
sary in practice, no longer subject to theoretical assumption as has 
necessarily been the case in the past. Where determinations have 
been attempted’, it was usual to assume that a head of pressure 
which is equivalent to the weight of a particle would generate a 
velocity sufficient to support it. This assumption involves the 
bringing to rest of the air in its application to the particle, an assump- 
tion which is manifestly incorrect. Lunnon's results, on the con- 
trary, show that a velocity is required which is equivalent to a much 
higher pressure than is given by this assumption. 

In the Appendix £)r. Goldsbrough applies Lunnon’s formulae to 
an analysis of practical operating conditions and shows how the 
actual values of air siipph' and pressure may be computed. It 
will be seen from this analysis that instead of the pneumatic 
operation of these separators being complex and indeterminate 
in character, as has generally been believed, the process is so 
straightforward that theoretical principles may be applied in 
practice with almost mathematical precision. 

Although the stone and coal to be separated on the tables are not 
spherical, these general principles are sufficient to explain the mode 
of operation. The diameters of the spheres may be replaced by 
the sized dimensions of the particles of stone and coal, such as 
would be determined by passage through .sieves. 

It will be noticed that the effect of size on the pneumatic stratifi- 
cation IS entirely due to differentiation by motion of the air. If 
water is used as the stratifying medium, only the weights of the 
particles remaining unbalanced by buoyancy require to be 


•A Rcneral rule for any fluid and pair of splieres, it the resistance follows 
the square law. is as follows. — 

d 1 1 

dj e 

where d and dy are the diameter:* of the spheres and e and fj are their 
effective densities. 

The effective densitic.s of coal and stone iii water arc 3 and 1*6 respectively, 
and the ratio of sizes is then 
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supported by water currents. The particles, therefore, do not 
require to be sized within such close limits. 

(c) Application of the principle of terminal velocity. In the opera- 
tion of pneumatic separators depending on these principles, the 
sized materials are usually spread out in a relatively thin layer on 
a pervious surface arranged above a chamber which is connected 
to an air supply. An air pressure causes air currents to flow through 
the bed around the individual particles at a velocity dependent 
upon the pressure. If this velocity is made equal to or slightly 
greater than the terminal velocity of the coal particles, Lhey will be 
balanced or elevated whilst the stone will remain unaffected aii4 
stralificalion will result \ 

In order that the coal particles may be balanced by the air cun t'lits.' 
the air must have free passage about them or the necessary velocity 
cannot be produced. This condition is realised in an open bed of 
sized particles which allows the air to flow lively through the orifices 
in the bed at the terminal velocities of the particles, when the 
required pressure is ajiphed from the chamber Ix'low' the layer of 
coal and stone. The method of calculation of these quantities is 
given by l.)r. (hildsbrough in the Ap])endix. 

{d) Mechanical separation subsequent to stratification. The ultimate 
separation of the coal and stone stratified according to the foregoing 
principles is merely a matter of the mechanical design of the 
apparatus. 

If the particles have been previously graded so that they all fall 
within the limits of size defined in 2 (h) this operation is straight- 
forward and comparatively simple. It is usually carried out on a 
machine of tlie well-known S.j. type 
Alternatiwly the degree of presizing of the raw coal may he 
diminished by the application of .successively different strengths 
of air current m combination with particular features ol mechanical 
design, principall}' of an experimentally determinivl cfiaracter. 
Part of the sizing is then effected on the separator, instead of before- 
hand, and the separation is made with respect to size as well as 
densit 3 ^ Approximately equal sized particles are then discharged 
together at each point. Such a .separation is exemiililjed in the 
Wye and the Peale-Davis separators. 

N?:w pKiNC'iPi.Ls OF Pneumatic Skpakatiox 
It will be evidc'iit from the foregoing that the influence of size on 
the separation is due to the use of the velocity of the air current. 
To be able to separate the materials without regard to the sizes of 
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the particles, velocity effects must be dispensed with and other 
factors relied upon. The foregoing principles can, therefore, never 
lead to a separation which is independent of size and depends only 
upon density. 

It was pirincipally the difficulties engendered this dependence 
of the separation upon the sizes of the particles which stimulated 
the investigations now to be described. The possibility of achieving 
separation without the use of air velocity was the chief object 
of the research. 

{a) Results of experimental research. The stratifying influences 
of air pressure on beds of coal and stone were examined under 
various conditions and several effects were observed. 

It was found that when a closely packed ‘ piston-like/’ bed of coal 
particles of mixed sizes (c.g,, li m. to 0) on an oscillating pervious 
support was subject to air pressure frmn a chamber below the bed, 
different results were obtained with different values of pressure. 
At a certain cntical value of pressure the bed became distended 
and assumed a “fluid” condition of a “viscous” character. Under 
these conditions stone jiarticles of widely varying sizes placed on 
the surface sank slowly through the bed and strati fled below the coal. 

Below this prc'ssure the bed remained inert excejit that the finer 
material riddled through to the boUoin of the bed, due to the 
oscillation of the support. Immediatt'ly the critical pressure was 
exceeded, the fluid conditions broke down, and “piping” or “boil- 
ing” ol the bed dt'veloped. This took the form of local ruptures 
or disturbances of the bed in which the smaller material rose to the 
surface and was (.*ven projected above the bed if the j)ressure was 
still further increased. 

This cntical pressure evidently repre.seiiti'd a condition of equili- 
brium in the bed of coal and further tests with beds of various 
depths and of other materials showed that it had a definite value 
depending only upon the bulk density of the materials and the 
depth of the bed. For coal, this pressure was 'GI in. water gauge 
for each inch depth of bed. This pressure was registered in the air 
chamber and also immediately above the iiervious surface at the 
bottom of tin; coal bed. 

The graph (Fig. 1) show's the relation of the depth of bed of coal to 
the pressure required to be applied tor the equilibrium condition. 
This relation ol pressure to depth was maintained at all levels in 
the same bed, that is, the pressure diminished uniformly from the 
bottom of the bed to the surface. 

Under the conditions governed by the critical pressure, there was 

391 



COAL TREATMENT 


no sorting action of the particles with relation to size. The flow 
of air through the bed was found to be so slight as to be scarcely 
perceptible, small grain seeds and thin wood shavings resting on 
the surface. 

(h) Conditions of successful operation. It is evident that a state 
of statical equilibrium in the bed is reached when the pressure at 
the bottom of the bed is equal to the weight of the bed. The bulk 
density of tlie unsized coal in the fluid bed is 42 Ib./cu. ft. This is 
equivalent to a sp. gr. of -67, which corresponds to the ' Critical 
Pressure’' as represented in inches ol water gauge for each inch , of 
deplli of bed- 



Depth op Coal Bed in inches 

Fig I (iraph showing relation uf ('rilical An Pressure to Depth lied. 

The examination of the pressures at different jioirits in the bed 
shows that the diminution of pressure exactly C()n'es])onds to the 
load above that point and shows that there is no rapid expansion 
with the development of free air currents. The pressure thus acts 
statically through the whole thickness of the bed. 

This operation of the pres.sure is made possible by the high re.sist- 
ance of the bed of unsized coal. The Ailing ol tlie spaces between 
the larger particles by the smaller coal and the resultant close 
packing, prevents free egress of the air, the passages being .so fine 
and tortuous that their resistance allows of only slow escape of air. 
This state of the materials is essential to the maintenance of a 
^condition of statical equilibrium in the bed while subject to the 
action of the air pressure. 

In contra-distinction to this condition of the bed, the open passages 
formed in the layers of sized coal on the earlier type of separators 
(e.g., the S.J., Wye and Arms), result in immediate expansion of the 
air, so that the whole of its potential energy is converted into 

392 




GREAT BRITAIN: PNEUMATIC SEPARATION 

kinetic energy with the formation of air currents of high velocity. 
These currents then provide the only means of supporting the 
individual particles according to the principle demonstrated in 2 {h). 

If, with a closely packed bed, the critical pressure be exceeded, the 
bed of material will cease to exist as a unit and will break up into 
separate particles whicli are exposed to free air currents. The 
weakest points, which are when* tlie interstitial spaces are largest, 
yield first, and there results a “burst” or "pipe” due to the raising 
of the smaller particles by the air current. If the critical pressure 
has only been slightly e\c(‘eded, the material round that point may 
fall in and damp down the air How so that as this opening closes 
up a break-oiU at another weak place may occur. The general 
result is a boiling or turbulent condition of the whole bed. If the 
critical pressure is materially exceeded, however, all the smaller 
material is ejected and an appreciable opening is formed in the bed 
which becomes of much less resistance than the rest of the bed. 
The pressure, therefore, becomes occupied in driving air through 
the opening and the other parts of the bed become dead. The 
boundaries of the opening become further eroded as more material 
IS ejected, the flow of air being only opposed by isolated particles. 
The free How conditions described in 2 (c) then exist and only 
Xiarticles which have greater terminal velocities than the air supply 
is capable of delivering can remain on the perforated support. 

By balancing spheres of coal in vertical air currents it was experi- 
mentally verified that the formulae and their application shown in 
the Appendix give close approximations to the actual pressures 
necessar^^ to create velocities sufficient to support single particles 
and open layers of equal -sized particles. 

These pressures are much higher than those necessary to induce 
the conditions of statical equilibrium which have been described. 
It will be seen by reference to the Appendix that the pressure neces- 
sary to create the terminal velocit}^ of a 2-in. sphere of coal is 5 -4 in. 
W.G. The pressure applicable to a 2-in. thickness of the closely 
packed bed under the statical conditions is 1 -34 in. W.G. Under 
these latter conditioirs, a pre.ssure of 5 '4 in. W.G. would bo sufficient 
for a bed S in. thick. It is, therefore, manifest that a much higher 
pressure than the critical value for statical application is necessary 
to stratify particles by the application of terminal velocity. Further, 
if the pressure applied be above this critical value by any amount, 
the conditions of statical equilibrium are invalidated and support of 
the particles can then only be accompli.shed by the application of 
their terminal velocities. 
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The application of the critical pressure required to produce the 
state of statical equilibrium in a packed bed is necessarily coincident 
with the passage of a certain small quantity of air through the bed, 
and it follows that this provides a velocity which must be the 
terminal or balancing velocity for some particle sufficiently small. 

This velocity defines the limit of the smallest particles that can 
be stratified under the conditions ruhng for the bulk of the bed, as 
particles which are so small that their terminal velocities are below 
this \^alue will lend to be forced upwards through the bed. The 
value of this velocity depends upon the resistance of the bed to air 
How and as the critical jiressiire is of a constant value depending 
on the bulk density of the bed, the higher its resistance the lowlpr 
will be tlu' leakage velocity and th(‘ smaller the jiarticles which 
cannot be stratified. In practice this size is very small, for if thie 
re.sistance were to allow the development of an appreciable flow ot 
air, the statical condition could not be maintained owing to the 
sizing action of the air cnrnnts m tlie bed. 

Experiments with average beds of unsized coal showed that very 
complete stratification could be accomplished. For example, it 
was found that particles of stone as small as 1 40 in. may be strati- 
fied in a bed of coal 1 i in. to 0 in size. The toj) layeis were quickly 
and completely freed from stone* but fuiiher stratification was 
slower. 

The analysis of the operation of tliis stratifying t^rocess is discussed 
in the Appendix, but it may be statc'd here that tlie elimination of 
size from the sejiaration is due to the stationary charachT of the 
operation of the air pressure, whereas, as has been shown in 2 (/;), 
stratihcalion by motive effects of the air connotes a size iniluence. 
Under the conditions of equilibrium induced by the statical appli- 
cation of the pres.sure the stratification is only due to tht* fact that 
the fluid condition of the coal bed allows the unbalanced stone 
particles to sink and di.splace the coal. Then! is no direct displace- 
ment of ])articles of coal or stone by air. 

A direct comparison between the two methods can be diawn in 
this re.spect. The terminal velocity or “dxnamic” method of 
stratiheation is only applicable to accurately sized particles if the 
strata are to be arranged in order of density and ( an he o])erated 
with either a gas or an incompres.sible Hind. The “static ” method 
of stratification is, on the othei hand, only apjihcable to a close!}' 
packed bed of substantial thickness and of so high a resistance that 
the flow of air is dain]ied down to relativc'ly negligible value. This 
method can only be operated with a (onipressible fluid because 
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the bed is balanced directly by pressure due to tlie elasticity of 
the fluid. These conditions are satisfied by a bed of unsized coal 
containing considerable quantities of smaller particles. A bed of 
sized material would obviously not meet the requirements. 

It was clear from experiments that the possibility of apjilying 
the process in practice would depend upon the maintenance of 
uniform thickness and resistance of the coal bed, maintenance of 
the correct pressure below and within the bed, and the maximum 
damping out of air currents through the bed. If the raw coal had 
not sunicient tjf the smaller particles m it to form a bed of high 
enough resistance to realise the necessary conditions, it would be 
cs.seiitial to add suitable material to adjust the resistance b(dorc 
the process could be begun The arrangement to be sought is one 
ol maximum “fluidity" with the minimum escape of air This 
condition is assisted by (oscillation of tiie pervious support, which 
breaks down the friction between the particles and also lu'lps to 
keej) tht^ thickness and resistance of the bed uniform. 

(e) 'I he itse of oscillalui}! prcssiin. The attempt at the more 
perfi^ct realisation ol tliese conditions m })racti('e led to an investi- 
gation ol tlie effects ol a fluctuating pressure cornpan^d with one 
ol constant value. It was early apparent that superior effects could 
be obtained both m the rapidity and (tuality of the stratification, 
it the juessure weie made to rise and fall about the critical value 
in a particular manner depending upon periodicity, amplitude and 
phase. The quautit\ ol air escaping \\ as less iindiT these conditions 
than under those ol constant jiressure leading to more complete 
stratification of the finer jiarticles. There was less tendency ior 
free air cm rents to develop at points of shglitly less lesislaiice. 
This indicates a great jjraclical advantage m that less dc'licatc 
mamj)ulation ol tlie table is reepnred than when using a constant 
pressun*. 

The fluctuation ol ]iTessure is not to be confused with the jiroduc- 
tion of intermittent blasts or currents ol air such as were us(‘d in 
the old jigs. This w'as rnerety an increase and decrease ol the 
volume of air passing through the bed. When the pressure is made 
to fluctuate in the correct manner, the passage of air is actually 
reduced and that which doc.s escape docs not issue in puffs but 
practically as a steady egre.s.sion. 

The character of the lluctuations of pressure and the physical 
factors governing the production of the optimum conditions have 
been the subject of considerable research and practical experiment. 
It was found that a particular combination of the duration of the 
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pressure impulse and the pressure generating the impulse gave 
superior results. Experiment showed that the frequency should 
be fairly rapid and at the same time the fluctuations of pressure 
should be of high amplitude. As the latter decreased with increased 
frequency, it was impossible to employ the very best operating 
conditions. This difficulty was ultimately overcome by the em- 
ployment of the principle of resonance. 

. {d) The application of the principle of resionance. From a con- 
sideration ol the conditions established by the application of 
impulses of pressure at the end of a closed chest (see Appendix), it 
will be readily understood that waves of condensation and rarefac- 
tion travel across the chest and are reflected from the opposite sid^s 
in directions depending upon the shape of the box. These wavete 
travel with the velocity of sound and if the chest is of rectangular 
shape they will return to the source in a period of time depending 
upon tlie length of chest, and with a somcwdiat reduced amplitude 
due to the damping effect of the viscosity of the air. 

If the impulses of pressure are timed to occur at exactly the same 
time as a wave of condensation arrives at the source, the waves will 
be reinforced and the maximum amplitude of fluctuation will be 
established. If, on the other hand, the impulses are not so syn- 
chronised, a number of waves will exist in the box at the same time, 
but out of phase with each other. The fluctuation of pressure is 
then destroyed and the pressure remains practically at the mean 
value 

It is not necessary to reinforce every wave, but instead, the recur- 
rence of the impulses at penodic arrivals of waves at the source 
will maintain a high amplitude ol fluctuation. 

To examine the effects of irregularities in the shape ol the air 
chest, sectional models were constructed in plasticine on a sheet of 
glass and filled with films of water. The influence of the walls was 
observed on the ripples generated by an electrically operated 
dipping needle. A rectangular chest was shown to be essential to 
the reinforcement of the waves. The effects ol irregularities in the 
construction of the chest and table were examined by this method 
and, when necessary, the irregularities were removed. 

The conditions were tested in practice on a full scale machine 
'described later. The air chest was of rectangular shape with the 
end wall normal to its length, which was approximately that of the 
table. The resonant frequencies for the box were calculated by 
the method given in the Appendix, and the rate of application of 
compressive impulses was tuned to the frequency of oscillation of 
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the wavtiS generated in the chest, by varying tlie speed of rotation 
of the pulsator. 

When the system was thus tuned into synchronism, the effect on 
the operation of the separator was pronounced. The stratification, 
particularly of the finer materials and particles of intermediate 
density, was improved both in quality and rapidity. This improve- 
ment was accompanied by a more quiescent state of the bed, and 
with the egrt'ss of a smaller quantity of air than when employing 
constant pressure conditions. A further advantage was the greater 
ease of control of the separation. As long as the correct frequency 
of pulsation was maintained the table was practically automatic 
in its operation (apart from the adjustment of the amount of stone 
to be discharged). 

It would appear that the avoidance of loss of amplitude due to 
the existence of waves out of phase witli each other is of more 
consequence than the damping effects due to viscosity, whicli would 
not be expected to assume large proportions in air under such 
conditions. This means that the resonant condition is established, 
not so much by the building up of the amjfiitude by reinforcement, 
as by avoiding its destruction due lo generating waves not in the 
correct pha.se 

(e) Features of design essential to application of new principles. 
The essential features of a sejiarating table to ojierate according lo 
the j'lrinciples described, include the provision of sufficient area to 
allow the materials to stratily in travelling across it. means for 
separately discharging the different strata, and a pneumatic system 
suitable to the proper application of the air pre.ssure. The matenal 
fed to the table must form a bed of high resistance to air flow and it 
must be fed on in .such quantities as will maintain the bed at an 
even thickness over all the area exposed to the air pre.ssure. It 
must, therefore, be fed at the same rate as it is discharged. The 
table itself must be designed to enable these conditions of uniformity 
to be maintained over all the table area which is subjected to air 
pressure. It will be appreciated that unless the design of table 
ensured that the coal bed formed a continuous and air-tight (aj^iart 
from its own perviousnes.s) piston, the separation would be liable 
to break down periodically, and much supervision would be required 
in practice. Since it is required that the air pre.ssiire should act 
statically in the bed, it is also necessary that as nearly as possible 
there should be no air current in the air chest, and for this reason it is 
desirable to have an air box of considerable volume so that direc- 
tional effects of the air due to entry and egress are avoided. 
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These conditions dictated the general design of the machine, 
although the ultimate construction was the outcome of experience 
derived from designing and operating tables of varying form, all 
of which in a degree performed satisfactorily the function of strati- 
fying and separating the materials. It was found possible to pro- 
duce a complete jilant which is sufficiently automatic in its operation 
and control to deal efficiently with the varying demands of full scale 
working over long periods without continual skilled supervision. 

THE STATIC DRY WASHER 


(a) Diiscription of Separator. Illustrations ol sc^parators in prac- 
tical operation at several collieries are given in the accompanv|ng 
Figures. 





Fig 3.- Diagrammatic Tlan and Section of the Static Dry Washer Table. 
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It will be seen from Figs. 2 and 3 that the separator deck is of 
trough form and capable of carrying a bed of coal of considerable 
thickness. The deck is successively constricted a1 two points in 
its length and is thus divided into three rectangular cells each 
narrower in width than the preceding one. Part of th(; material 
IS discharged at the forward end of each cell, and the reduced width 
of the following one allows the remainder to be maintained at the 
correct depth with respect to the air pressure. The lloors of the 
cells are lormed of perforated ste(‘l sheeting, the porosity of which 
is ol no particular con.seqtience to the pneumatic operation as the 
velocity of the air is so low. Small holes have the advantage that 
less of the tine material falls into the air chest, although the amount 
of this is never of serious consequence and can readily be with- 
drawn. Tlu' deck surface is quite plain, tluTe being no riffles, 
guides, or air controlling devn es. Reference to the sectional draw 
ing shows that the floors of the three cells are not quite on the same 
level but are in sliglilty different parallel planes, the hrst being 
elevated above the second and the latter above the last and forward 
one. The floor of each cell is connected to that ol the next by a short 
downwardly-sloping step which need not be pervious and which 
in ])lan is V-shaped. 

Tininediately lo the rear of and above tlicse steps are placed 
skininKUs These consist of a pair of walls, V-shai)ed in plan, 
pointing towards the fei'd end ol the table and (\iriied out over the 
sides Tliese walls are mounted on a Hat jiiece of perforated metal 
.sheeting, the rear edge of wdiich is perpendicular to the longitudinal 
axis of the table and iht' forw'ard edg(' is shaped to fiL the uiiright 
walls. These skimmers separate the strata. They are usually set 
3 to 4 in. above the deck surface At the extreme forward end of 
the table is a .short shoot which is connccti'd lo the table by a hinge 
and provided wath screw gear to enable it to be ad] listed to any 
inclination. The relu.se or denser material is discharged ovei this 
shoot, the quantity being determined by its inclination. The 
wdiole d('ck is built on to a steel girder chassis wdiich is suspended 
from the over-structure by .spring steel hangers 

The table is set so that its longitudinal axis is at a slight dowmw'ard 
inclination to the honxonlal, to allow ol I lie forward How of the 
material. 

Beneath the table is a large stationaiy air chest ol rectangular 
shape, the connection being formed by strong air-tight flexible 
material. The requisite air pres.sure is maintained by a fan 
which delivers air through a large pulsator, thus .setting up .sharp 
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fluctuations of pressure in the chest. The pulsator consists of a shaft 
carrying a pair of discs between which are mounted two oppositely- 
disposed circumferential vanes. As the discs revolve the vanes 
pass a port in the air chamber, thus causing a fluctuating pressure 
to be set up in the air chamber. 

The table is oscillated b}^ an eccentric at 300 to 400 rev. /min. with 
Vdn. travel. This is not a propulsive motion, that is, it does not 
cause a progression of the material. It is purely oscillatory and 
keeps the bed of even thickne.ss and re.sistanc(i, and, in conjunction 
with the slight slojie of the deck, allows the distended bed to flow 
forward, as a liquid flows by gravity, to the points of discharged 
(ft) Mode of operahon. In operation coal is fed across the whdje 
width of the rear end of the table by a mechanical feed located i^ 
the mouth of a main storage hopper, which is made suiricientiy 
large to ensure regular working of the table. As the coal to 
be treated is usually the undersize from a 1| or 2 in. screen 
leading to the picking belts, a hopper of 20 to 30 tons capacity is 
usually adequate to take up fluctuations in the flow of coal from 
the mine. 

The mechanical feeder is of the rotary star type, which has been 
found the most reliable for ensuring a positive rate of feed, and is 
driven through a variable speed gear to allow the quantity fed to 
be controlled. A suitable safety device is included in the drive to 
prevent damage being caused by any large unbreakable object 
included in the coal. (A copper shear bolt has been found very 
satisfactory and is replaceable in a few minutes should a stoppage 
occur.) The coal builds up on the table in a bed, usually 5 to 6 in. 
thick, according to the setting of the skimmers. 

As the b(‘d flows forwards by gravi tv, the stone and denser materials 
sink through the coal. Stratification thus gradually ensues in the 
manner described. By the end of the first cell the upper layers 
of coal are free of impurities and a direct separation in a vertical 
plane is made by the intrusion of the flat perforated base of the 
skimmer set at a suitable height above the deck floor. 

It is essential that this operation should be performed without 
any disturbance of the bed, which must still be maintained in the 
^distended fluid condition necessary to the stratification. For this 
purpose the strata are divided in knife-edge fashion by the hori- 
zontal perforated base of the skimmer. The coal on the skimmer 
and that below behave exactly as the rest of the bed of coal on the 
table, and the former in flowing forward is guided to the sides of the 
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table by the V-shaped upright walls of the skimmer and is 
discharged as clean coal. 

The lower stratum containing the refuse, middlings and some 
remaining coal flows beneath tlie skimmer down the inclined step 
into the next cell, which is of such width that it accommodates this 
material at the same depth as that in the precluding cell. This 
material is further stratified and the remainder of the clean coal is 
similarly removed by the skimmer at the forward end of tht^ No. 2 
cell. 

The refuse, middlings and coal still remaining How down another 
step into the last and narrowest cell, where tlu' linal s(‘paration is 
made. The middlings are removed by the last skimmer and are 
returned by a cori\'t‘Vor or elevator to the feed hopper for retreat- 
ment, whilst the nduse is discharged over the stone shoot, the 
inclination of which is regulated according to tlic amount to be 
removed. This final separation is in lull view ol the operator and 
can be immediately adjusted to suit varying amounts of dirt in 
the raw coal. 

The circulation ol the middlings fraction prevents the clean coal 
and shale from contaminating each other, thus avoiding the loss of 
saleable coal in the refuse. 

No dust is extracted from the raw coal before being fed to the 
separator. The statical operation ol the pressure (with only a very 
small passage of air through the bed) allows of the retention of the 
dust in the clean coal. Some dust is raised a few feet above the 
deck and all but the most impalpable falls back on to the table and 
into the shoots. ISy suitably enclosing the space above the sepmra- 
tors, this dust can be prevented from escaping and may, if desired, 
be passed into the clean coal. A certain cpiantit)^ of very fine dust 
must, however, be carried away by the air, but this is of the fine 
floury character which presents so much difficulty to most com- 
mercial systems of dust collection. The provision of such a system 
does not, therefore, .seem warrantable, although, of course, any of 
them could be applied to the process. It must be remembered 
that the whole of the dust in the original coal passes over the table 
and not merely that which is made by attrition and breakage after 
the bulk has been removed by aspiration which is the case in many 
plants both >vet and dry. The ability to operate at all without an 
elaborate means of dust collection is, therefore, the more remarkable. 

(c) Practical features of Plant. The salient feature from the 
economic standpoint of a plant designed to operate on the principles 
described is its ability to treat the raw coal from the mine below 
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about 2 to 2\ in in size without any preliminary sizing or other 
treatment. This considerably simplifies the process and sub- 
stantially reduces the capital and operating costs. The introduction 
oi a sizing plant complicates coal cleaning, particularly when the 
treated coal is to be marketed unsized or in other sizes than those 
necessary for the separators. Sizing where necessary can more 
satisfactorily be performed after than before cleaning. 

The regular working results show that there is an almost total 
absence of attrition of the coal during cleaning, this being presum- 
ably due to the absence of sizing and to the cushioning effect of the 
small coal on the larger pieces during treatment. 


\ 
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The se]Xirators are of simple character from th(' nature of the 
process. As the process is concerned almost entirely with strati- 
fication, the subsequent separation of strata being a simple opera- 
tion, the machines are easily controllabh; and not subject to frequent 
adjustment. In practice two men are required to operate a plant 
of 100 tons per lunir capacity. The separators offer no difficulty 
in treating the coal Irom different seams as it is produced from the 
mine. No adjustment other than the rate of feed and the rate 
of stone discharge is usually required. 

The compactness and simplicity of the plant permits of its economic 
use for large or small out]:)uts. It can be operated in single units of 
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25 tons or upwards per hour capacit}^ or as large central plants, 
(d) Plants in operation. Static Dry Washers are at present in 
commercial operation at several collieries in the North of England, 
with a total cleaning capacity of 280 tons per hour, and other plants 
are under construction in different parts of the country. 

The photographs in Figs. 4 and 5 show outside views of the plants 
in operation a<- Easington and South Hetton Collieries. 

Figs. 6 and 7 are inside views of the motor house and of the tables 
respectively on the plant at South Heilon Colliery. 

Tlie South Tlt‘tt(jn jilant consists ol two separatcji^. each o1 30 tons 
per hour capacity, and the Easington plant ol three scj^arators, each 
of 50 tons per hour capacity. 



I'lg 5 Static Dry Wii'^lui I’laiit, S^ulli tJflLon ('(illicry, Co Durlinm 
Figs. 8 and 9 show in plan and sectional elevation the general 
standard arrangements for a plant of 100 tons per hour capacity, 
consisting of two tables each of 50 tons per hour capacity. 

(c) Cleaning Results. Typical average working results taken over 
lengthy periods from plants at work are the following: — 



' Rj.w 

Coal. 

1 Clean Coal 



Ash per cent 



Ash per cent. | 

in Floatinj^s 
i at 1 5 S <; 

S Ash per cent. 

Plant A 

11-2” 

4 2 

1 ^ 3 

Plant B 

12-8 

4-5 

7-6 

Plant C 

119 1 

1 3-8 

1 6-8 


Refuse. 


Ash per cent. 

7T 3 
64-6 
69-7 
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The free coal in the refuse varies usually from J to I ^ per cent., 
representing an average loss of one ton of coal per 1 ,000 tons tieatcd. 

These figures are the overall results, including dust and fine, small 
coal in the sizes treated, namely, IJ in. to 0, and represent the daily 
performances of these plants. 

When the cleaned small coal is re-mixed with the large hand- 
cleaned coal, as is usually the case at the particular collieries in 
question, these results allow of the cargoes being shipped with 
overall ash contents of from 5 to 7^ per cent. 

In each of the above cases the fines below in. in size are the 
dirtiest fraction, and when this is pronounced by reason of both a 
high ash content of these finest sizes and their high proportion '^n 
the coal treated, the results may be adversely affected. 



Fig. 6 — Inside view of Motor House on the Plant at South lletton Colliery. 

Many figures and tables might be given of experiments and test 
results on coals from different parts of the country, but, as in the 
authors’ opinion only practical working results are of any conse- 
quence in a discussion of this sort, it is not proposed to prolong the 
paper by their examination. 

(f) Operatu.g Data. The power consumption on the South Hetton 
plant is -85 B.O.T. unit per ton of raw coal treated. This power 
consumption provides for the conveying of coal from and to the 
coUiery screening plant. 

404 




GREAT BRITAIN: PNEUMATIC SEPARATION 


The overall costs at South Hetton over an average weelc, the 
plant having a capacity of 60 tons per hour, and treating an average 
of about 4,500 tons per week, are the following- — 


Interest on capital at 5 per cent. 
Depreciation at 15 per cent. 
Maintenance .. 

Attendants 
Electric power 


Pence per ton of raw 
coal 

■371 

1110 

■413 

838 

■510 


3-242 

The first of these plants was commenced in June, 1927, and has 
been in continuous operation since that date, other plants having 
been commenced subsequently. 



7. — Photograph of the Tables on the Plant at South Hetton Colliery. 

The initial cost of a plant of 100 tons per hour capacity approxi- 
mates to a figure of £10,000 for an average arrangement such as 
shown in Figs. 8 and 9 inclusive of structure, conveyors to and 
from the plant, and accessories. 

Conclusion 

We have to express our appreciation of the mathematical assist- 
ance rendered by Professor G. R. Goldsbrough and for the Appendix 
he has attached to this paper embod3dng the result of his research. 
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We have also to express our indebtedness to the following gentle- 
men for the experimental services they have rendered: — 

Mr. Walter Rider, B.Sc., of Messrs. Dry Washers (Coal ik Minerals) 
Ltd., 



I'lg. 9 — I’lan (il Gencml Standard ArninRonienl for Statir Dry ^Vashc^ Plant 
of lUO tons per hour capacity. 


Mr. John h. C. Friend, B.Sc., of Messrs. Simon-Carves Ltd., 

Mi. Edward Kaflle, ol The South Hctton Coal Co. Ltd., 

Messrs, M, ( oulson A: Co. Tvtd., Structural Engineers, of Spcnny- 
inoor, Co. Durliain, 

and to Messrs. Dry Washers (Coal Minerals) T.td., for supplying 
the practical ojierating data given. 

APPI'.NDIX 

Till'. Mkchaniial J’uiNcii'i.Ks or Sfo’akaiion or Mati.ktals of r)irp'i..KiiNT 

OENSIlItS BY THE irst 0[^ Alii 

PuoK G K Goldsbkoitgh 

There are two outstaiuliiig methods t)l iisin.n air fui separatiii}* ii mixture 
of solids of ditTeiciU densities 'J’he lirst is that in f^eneral use in dry loal- 
cle.ining a^ipaiatijs, whicfi will lie lelerred to as llie "lerimnal velocity” 
method Tlie second is described in the iorcf’oinj' ])aper. and will be named 
the "static” method 

1 The Teryninal Velocity Method In this method a current ol an ol sntti- 
cient velocity e. forced vc'rticidlv iipw.iids throiiKli the f>ed. and the inatiTials 
of less density are raisc'd wlnlst those of greater density settle bclcnv them, 
d'hns the materials are arranj;ed m two strata by the acticjn ol the air 
Jt IS to be noted that the original bed of materials, being sized, is freely open 
to the passage of air The action may then be studied by releience to the 
effect of a current of air upon a bee particle ol material 
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The matiTials used ordinarily aro of irregular form, but are sized between 
certain limits \Vc may study the effects by considering that the statistical 
results will conlorin very closely to those of spheres ol the same mean diameter. 
Tins assumption is the more important in that there are very complete experi- 
mental conclusions in regard to spheres but little information on other forms 
As explained m the body of the paper, a body falling under gravity in air is 
retarded by the resistance of the air, and with increasing velocity there is 
increasing resistance Irom the air. until the air resistance just equals thfc 
weight of the body Thereafter, the motion is one ot uniform velocity, 
known as the “terminal velocity,” which clearly depends upon the weight, 
size, and shape of the body Conversely, a cur rent ol air driven vertically 
upwards ngainst the body, with a velocity slightly higlier than the terminal 
velocity, causes the body to rise, but a current ol slightly lower velocity 
wmiild be unable to support it 

Liinnon^ has determined the terminal velocities of splieres ol various' sizes 
and substances dropped down pit shaits (llis sizes range Iroin 4 to in. 
diameter ) The results lor siilicre^, m.iy be expre'ised in the lorrn — 
Terminal velocity in cm per sec ]TM\/(ip, f/ being the diameter of\the 
sphere in cm anti p its density 

If twt) e(|ual splieres, one ol coal (p - 1 3) and the other of sttme (p- 2-5) 
are subjected to the same upwartl current ot air which is adjusted so th.il it 
just raises tlie coal, it is clear that the stone will be uuaffei ted and the result 
will be a separation ot the two But it is alsti clear (as is desenbed in most 
text bfioks on the subject) that the sizang of the material must be between 
certain limits or clear sejiaration will not result 
This theory and Lunnon's formula appear to represent tlie process with 
greater accuracy than has liitherlo been supposed. Tlu> following woiking 
data from a paper by Appleyard '* which has relerence to an S J table ojierat- 
ing on the above principles may be quoted. The hgiires are as follows. — 

TABLE I 


Table 

Size of 

Cu ft of air supply 

Pressure of 

No. 

coal, in. 

per minute. 

supply, in., ' 

1 

2 — 1 

17.0(10 

5-5 

2 

l-\ 

12,000 

5 0 

5 


8,500 

5 0 

6 

1-i 

6,300 

3-5 

3 


5.000 

30 


The area of tlie deck of this tabic is given as 17 75 sq ft In order to find 
the actual velocity ol the air througli tlie bc‘d, it is necessary td take account 
of the fact that only the interstices between the separate particles are avail- 
able for passage of air. An e.stimatc of the percentage of the deck area which 
allows passage of air may be obtained by considering a surface covered with 
splieres in close packing. 

Let the spheres fit as shown in Fig. 10, Sujipose that they are each 2 in. in 
diameter. If there are n spheres in the first row, there will be (« - I) m the 
second, n in the third and so on. 

The distance between centres of pairs of sjiliercs m a horizontal direction 
will be 2 in. In the vertical direction the distance between pairs of Ime.s of 
centres will be V 3 in. 
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Suppose further that there are m rows each containing n spheres, and (m - 1) 
rows each containing (« - 1) spheres. There will then be (2wi-I) rows 



hig. 10. Jhagram illustrating calculation of percentage of area of a layer of 
equal sized spheres which is open to air flow. 


altogether The length of the table will be 2/? m. and the dey)l h ol the table will 

be 2 I (2w - 2) \ 3 in. The area ol the table - 2n { 2 i (2ni - 2) V 3 } sq in. 

The areas ot the ciri,les rt'presenting the spheres 

= { mw -[ (w - I) (« ~ 1) ] 7T s(y 111 

\rca of circles { mn -r (m - 1) (m - 1) ] tt 

Whence, ~ 

Area ol tables 2» { 2 i, (2u - 2) V:\) 

(2mn -\ ! “ m - a) tt 

4w -h 2u {2m — 2) V'S 

(2-1 - - - W 

\ mm n m ) 

4 

-+4V3-4wV3 

m 

Now make m and n large so as to have the eltect of a large table covered as 
indicated 

area occupied by circles 2 tt 

Then " / , = 007 

area ol table 4V 3 


The free space i.s therefore 003 of the area ot the table or 0 3 pei cent 

It IS to be noticed that tins result is indepcMident of the size of the .spheres 
taken, but implies that the table must be large relative to their size On a 
table of the dimensions given this percentage might be slightly larger. 

Referring again to the previously quoted S J. table of area 17-75 sq ft., 
it is evident that the effective space for egress of air is 0-3 per cent, ol 17-75 
sq. ft., or 1 65 sq ft. 

Using this figure with the quoted air supply we can find the actual speeds 
of the air through the bed. The results are* — 
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Tabic No. 

2 

5 

t) 

3 


TABLE II. 
Cii. ft. of air supply 
per minute. 

17.000 

12.000 

8,500 

6,300 

5,000 


Speed of air through 
the bed, ft. per minute. 

10,300 
7,260 
5, 1 50 
3,820 
3,030 


Wc can further calculate from Lunnon’s lonnulae the requisite terminal 
velficity If) support each size of coal jiarticle quoted in Applcyard’s paper. 
The result.s are as follow. — 


lahle No 

I 


() 

3 


TABT.E HI. 
Max. size oJ coal 
particle, in 
2 


h 

I 


Terminal velocity 
requisite, ft pei\^ mm, 
9,000 ; 
6.4t)0 \ 
4.500 \ 

3,200 \ 

2,300 ' 


'Diese terminal velocities agree remark.ablv well with those anticipated in 
Table IT 


The discussion can. however, be (ained liirther 'I'he head ol w.iti r gauge 
requisite to jiroduce the abovx' teriuiiial xelocities tan be calculated Iroiu the 
formula, v — V 2^h Wc then hud 


Max size of coal 
jiarticles, in. 

2 

1 

k 

1 

4 


TATILK IV 

Terminal velocity 
per mill 

9,000 
6,400 
4,500 
3,200 

2,300 


Eipiu al(‘nt head t)f 
water g.uige, in. 
5-4 
2 7 
1 35 
Of)? 

0 34 


The ht'ad of water gauge used on the S J. tabh‘ for 2 in piarticles, is given 
in Table 1. .is 5-5 in The calt ulated figure is 5 4 in , showing remarkable 
agreement The other sizes do not show' heads of w'ater gauge the same as 
those j)rechcte<l Jlut the rea.son is obvious In the c.ise oi the hner particles 
the actual firihccs are much narrower and the frictional resistance to air 
passage will be much greater In other w^ords, much ol llu‘ pressure siipjihed 
will be used in overcoming the friction due to the narrowniess ol the sejiarate 
apertures, and therefore the actual head of water gauge and the iiseUil head 
will be very different 

The figure 5-4 in found for 2 in. particles agrees closely with the 5 5 in of 
practice and may be taken to indicate that the calculati'd terminal velcicity 

9,000 ft. per mm i.s in agreement wnth practice The supipilv of air for tliat 
size of particle from Table I. is 17,000 cii ft per mm. Hence the effective 
free area of the deck must be 1 7,000 -i- 9,000 or I -9 sq. It The area pireviously 
obtained from the consideration of spheres was 1 -65 .sq ft These tw'o figures 
agree remarkably well considering the diversity ol the methods by wdiich 
they are obtained. 
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If, now, we take the effective area of egress as 1-9 sq. ft., and again use the 
air supply quoted in Table I , we find 


TABI.E V. 

Max size of Air supply, cu. ft. 

particle, in. per mm 

1 12,000 

J ... 8.500 

} G,300 

i ... 5,000 


Speed of air thruugl 
bed, ft per miii 
t),320 
4,470 
3,320 
2.030 




rfiii irlf.ililv' itli nlil'iinfil m '1 ;il 


III from lainnon’s lorinula 

Tor the sala* of coinpnrison the i alciilated velocity necessary to siip])oi-t a 
coal ])articl(' may be t ornpari'cl with those obtainc'd as slunc n iiom tlie work- 
ing data ol llie S J table 

'l ABTh: VI 


Max .si/e ol 
p.irtu le, 
111 . 

2 

1 

ji 

2 

I 

i 


\'elocity ol an used 
on S I tabu* de- 
rcnninal vc'loeitv, dneed from a.s.s uni p- 
by Luiiiion’s tioiiol sphere*^ (see 
fornuila.il per miii Table 111 ) 

9,000 10,300 

(i,-100 7.2()0 

4,500 5,150 

3.200 3,820 

2,300 3,030 


Vi'locity ol air 
used on S J table 
deduced Irom 
agTeemeiit ol pres- 
sure (see 'fable \ .) 

().320 
4,470 
3. 120 
2,030 


'Tlic' verv' close agreeineiit ol the caleulaU'il vc'locily oi the air necess.iry to 
Siij)i)oit CMC li si/e ol coal, as shown in (.oluinn 2, with lhal obtained lioni the 


Surface of 5tome GtCoal Bed. 



Deck of Table . 

Fig 11 Ihagram illustrating aiialj'^sis of Static Process 

published working data of one of these tables shows not only that the abo^'e 
theory is correct qualitativelv, but that the tallies work with very close 
numcricial accuracy to the theoretical C'onditions It .secmis that Lunnon’s 
formula may be used with confidence in dealing with calculations involving 
the mechanical principles underlying this process of separation. 
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The form of Lunrion's formula is very similar to that of the oft-quoted 
Kittingcr formula applied to water as a fluid miHiium Its superiority lies in 
the fact that it is derived from experiments carried out with respect to air, 
and that the coelificieiit has bi^en accurately determined under carefully 
defined conditions. 

2. The Static ProcOiS. This process is described in the miiin part ol this 
paper and is the basis ol the new type of table 

To study the condititms arising and in operating the static process, consider 
a bed of depth AH, as in J'lg 11. At the deck H, the pressure will be that in 
tlie chest At A it will be atmospheric. In the ca.se of a roughly homogeneous 
bed the pressure will fall off from to A. 

Expcnmeiital tests show that in practice with the usual mixed type of bed 
the pressure falls off with almost mathematical uniformity If we lay off 
HC to represent the head ol pressure at the deck, the line ('A is the nrcssure 
line, lliat is, at any depth in the bed taken on Ihe line AJ^ a honyontallline to 
AC will give the pre.s.siin^ at tliat depth \ 

C'onsider a mas.s ol material contained between two levels L’ and Q y The 
difference of the pressures above and below this mass is represented by T)E 
This pnessure difference is pro])ortional to the depth PQ and indeed 

DE -- m -- m - 

4 JJ Depth oJ bed 

Now' the critical pressure supplied at tlie det k is such that it wnll just siqiport 
the bed if it is of ctial only, l.hoken coal loosely packed weighs 42 lb. per 
CLi ft. Water weighs h2'4 lb per cii It, The density of broken coal is there- 
42 

fore , or 0'()7, 'I'o support the bed will tlxTclore require an air pressure 

02 4 


of 0 07 in of water gauge per in dejith of bed Ibnu'e I lie dillerence m pre.s- 
siire at P and Q, which as stated above, is Dh— PQ - ■07 
Consider the equilibrium ol the mas.s ol material PQ l^et its base arc‘a be iS' 
Its weiglit IS A JHJ dimsity of the innferi.il. The djllennice of the thrusts 
due to the air pressures abo\e and below is Df: .S Hence there will be 
equilibnuin il — 

DJI S - .S' PQ density ol material 
i.c , j1 ]*Q ■ .S' - 0 (j7 - A PQ ' density of mahTial 
i.e., it density of material in PQ — 0 07 
If the material in PQ is only coal particles there will be equilibrium If there 
IS stone in it the mean density will be greater than -07 and equilibrium lannot 
be maintained .Motion will take place, the stone parts sinking downward.s 
until they rest on the deck, and the rest ol the coal settling into the now 
possible equilibrium state. 

The conditions for fins process to function correctly may be repeated. The 
bed must consist ol unsized materials so that there may be plenty of .small 
particles to form a packed bed There mu.st be a minimum passage of air 
through the bed so that the wdiole of the air pressure may be n.sccl in support- 
ing the material And the pressure applied beneath tlie bed must be equal 
to the weight per unit area of the coal in the bed, which it is intended to 
separate out. It is obvious that the use of sized materials on the bed would 
be impossible owing to the opportunity for free pa.ssage of the air. 

The use of o<^c\llatin^ pressures. As has been indicated in the main part of 
the paper, the stratification of the coal bed by the static method is much 
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improved by using a pressure which fluctuates rapidly. The optimum con- 
ditions for stratification arc found to occur when the oscillations of pressure 
have the highest possible amplitude The following account shows how 
this amplitude may be increased by means of resonance 




e 


n c 

Fig 12 I^iagram illustrating application of Resonance 


A If C 1) IS the air chest beneath the deck \ 11 At If C the air from the 
fan IS alternately arrested and released by the use of some form ol a pulsator 
When the pulsator at If C is opened two tilings happen. (1) a certain quantity 
of air is admitted, (2) owing to the fact that the pressure outside If C is in- 
stantaneously greater than that inside, a pre.ssnre w'ave is generated which 
immediately travels towards A I) 

The amount ol air admitted lor a given pressure depends upon the leakage 
through thf' bed, and in a correctly adjusted jihint will be small, and will 
therefore be neglected The pressure wMve travels with the velocity ol sound 
tow'ards A L) At the lace A l> it is reflected and returns towards B C, 
The port If (' is now closed and the wave is thendore rellecLed back again to 
A 1) 'J'h(‘s(‘ relieetions would contiinie, if If C were kept closed, until the 

wave were damped out and the pressure in the t host again became i onstaiit 
On the oLlu'i lumd, eacdi turn' l> C' is opened, a Iresli pressure wave is produced, 
and the general ellecl would be a number of wav'cs travelling backwards 
and lorw^ards indiscriminatelv As eacli wave consists initially ol a com- 
pression, it must be followed as the port is closetl immediately, by a rare- 
laelion Indisciiminate compressions and rarel.u tions would m the aggre- 
gate tend to annul one another and jirodiice a tlead level ol mean jiressure. 

If, however, a wave, once started, ariives at B (. after one iir more reflections, 
to find nC just opening, it will be reinforced by tin* siiiierposition of a new 
pressure wav'c The total anijilifude ol the two will be greater tlian that 
of either Similarlv, d altei a ihdiiiite iinmber ol ndurns to BF Mie wave 
always arrives to liiul H C pist opening nml tlien* has b<'en no oiienmg ol B C 
in the interval, tlie waves will be lon^tanllv temlo'ced and will reach a high 
amplitn le. 

The inagmtnde ol this amplitude is tinally such that the loss ot value between 
eacli pair of reinlorceinents, due to Inrtmnal tones, is exactly equal to the 
amount added by eai b reinlorcement 

It is clear then that the pulsator must be tuned to coincide with the return to 
BC ol the wave alter one or more reflections at A 1) The general effect of 
this IS. apart from the passage of a small quantity ol air, to cause the pressure 
in the chest to o.scillate rapidly with large amplitude above and below the 
mean pressure 
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I be the length of the chest in feet and V the velocity of sound in air 
measured in feet per sec ond The time for a wave to travel from B C to A D 
2 I 

and back = — ser. 

V 


If this journey is made n times, the lime to cornplc'te the set 


2 V I 

r 


see 


The piilsLitor must have this time 


2 « / 


see 


betvvf'en siitxessive openings. 


That IS, it must generate pulses per second, or ' — - pulses jier min. 

2 / n I 

The r|iiantily u may be 1, 2. 3. , but it is usually neei'ssary to take in a 

fairly largi* integer in order that the number of jnilses per minute may not be 
unduly high Othei things being ecpial, tlu* mru'e juiLses per miniite’i^that can 
be givxn, consistently with the above formiihi. Hit' more complete is Ifhe lein- 
lorcement and (he greater the amplitude ol the piessure w.ive resiilti^fg, 
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/rs \MMh:M' \s.si .\(; 

Der Bencht befasst sich mit den allgeimunen J'nn/ipuMi dc's juuMimatisc hen 
Seheidens der K'ohle vain den Bergen Ivin '\nhang gibt emc' /a hleninassige 
Analyse diesc'r I’nnzipien 

An erster Stelle werden du* fuiidamenl almi rim/ijiien imteisueht, die deni 
Betrieb der unler Anwendung des \\ idr rst andes von lailtstroiiu n ai Ix'ilemh n 
pneutnalisi'hen vSe hied ungsni.iscli men zu (»run<le hegen 

i)a kerne experimentelleri Kigebnissc* uber die W'lrkung des Lultvnder- 
standes vorliegen, warden chese I’nii/ipum einpinsr h gesiirht, sie Ivoiiiien 
zahlenmassig noch iiieht genau rTtasvt werden. Die kur/hcheii I ntersu- 
chungen und h'orscluingen von R (*. Luniioii (IToc Rov Soc . A , Vol 110, 
p. 302. 1920) ergaben Wertc tiir die Wirkung diesc's \\ idei standes miter ganz 
bestnnmten Vorbedmgnngen 

Sodarm gelien the V'erfasser uber zur liesprt'chung ernes ganz neuen, von 
ilmcii selbst ausgearbeiteten V'erfalireris tier juieiimatist hen Schichtung. 
Die.scs Verfaliren beruht auf dem \usbalaricieren decs Matei lalliettes ohne 
die fnnwirkung des aiif die (4esc liwimligkeit der I.uft /unick/iifuhi mulen 
Liiftwiderstandes Rs wird ge/eigt. tiass dies erreicht wt i den kann, wenn 
man ein aii.s .selir widerstarulsfalngeni Material, z B aus niisortierler Kohle 
(2" ~ 0) gebildetes Belt einem Tuitdriick von bt'stimmtcr (hosst* nnterwirft, 
der niir von der ( lesamldichte der gc'brochenen Kolile imtl der Dicke devs 
Bettes alihangt. I Inter solclien Dmslanden ist der Lufttlruck (der bethuitend 
germger ist als der zur L'nterstutziing der Bartikcl durch den ICintluss des 
Widerstandes benotigte, wie beim truheren Verfaliren) praktisch ganz damit 
beschiltigl, den Widerstand des Bettes zii iiberwinden, was zur holge hat, 
dass keine freien Lultslromungen entstelien und class der Druck in alien 
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Teilen des Bettes statisch wirkl. In leder HMie im Iniiern des Bettes jst 
der Druck genau so gross wie das Gcwicnt dcr daniberhegendcn Kohlc, 
sodass sich das Bett in seiner ganzen Dieke in eineni vollstdncligen statisclien 
Gleichgewichtszustand befindet. Ilnter dicsen L'mstanden, wenn die innere 
Reibimg im Belt eine solclie isl, dass die J^artikel sirli gegenseitig bewegen 
konnen, odor wenn eine Vibration hervoi geriileii wird, die die innere Keibung 
bneht und ein freies gegcnseitiges Bewegen der Partikel ermoglicbl, dann 
wird alles Material im Betl, das dichter ist als Kolile, sieli nu lit iin Cdeich- 
gewiclitszustand befniden, die Kohle ver.scliielien iiiid dariinter smken Ks 
hndet eine Scliielitiing des Matenales iiaeli tier Dielite stall 

Sepal atoreii, die nach diesein J’nnzip arbeib'ii, werden beschnebeii Sie 
verarbeiten Kohle von etwa I A" iind bis 0 in einer ein/igen (Operation 
oline vorliergelieiidt'S Sortieren Die Nnl.ige ist inlolgedessen einlacli uiid 
im Betrieb lejt ht aiirh ohiic geseluilte-! AiifsK'hlsjir'isonal zii koiitrollieren 
Ziiin Betiieb emer Anlage von 100 engirsthen 'J'tinnt ii Sliiiideiileistiing geniigen 
zwei ]\laim Das Verlahnai kann sclitui bta emer SI imflenleistiiiig von 
25 englisrlieii ronni'ii ziii Anwendiing koiiinien Das Verarbeiten von 
Kohlen von v(*rs( Inedenen Stliithlen, \Me sie vtim Bergwerk geliefert werden, 
bietet keine Sehwiergkeiteii. bei tlieseni \ erlaliren llndel aiicli praktisrh 
kein Brcelieii stall 

In Nordengland stehen \nl,igen nut emer St uiuUuileistimg \on 2S() englischen 
Tonnen in Betrieb IVaktist he /ahlen, die das ArbiMteu dieser Aniagen 
vor \iigen luhien, werden wiodergegebeii Die AnschafliingsKosten lur emc 
Anlage von 100 eiiglisrhen Tonnen Stiindenleistung belrageii etwa £10 000 
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CON'IENTS 

INTKOnrCTIUN— THE NI^AV "VEE” TYPE SEPAKA'IOU — THE c\lEANL\G 
01' SIZEJ) AND DNSIZED (DU- illE PNLUMAIK ( 1 l',AN]NG pIaKT AT 
THORNE (0LL1ERY--DI S] ( Ol.LFC'l ION— MIS» ELLANEOrS NTTFES— 
LHH LIOG KA Pil Y— Zl' SAMM EN 1- ASbU N ( I 


Lni'rodi'c nuN 

Eff(3rti3 have constantly betai mack* during tlie last eiglily yiTirs to 
develop mechanical apparatus lor cleaning coal in a dry condition 
and with one or two excerptions the pneumatic princijile has 
invariably been adopU'd The jirincipal machines evolvc'd have been 
described recently several times, ^ l)ut almost without excejition tliey 
failed to establish themse]v(rs as commercial successes, and tliendore 
died out. 

During the whole of this period the washing of coal by w('t jirocesscs 
increased in pojmlanty, ])articularly in Europe, until at the jiresent 
time three or four different jirocesses ('an look bark ujion many years 
of continual growtli and an established position in the field of coal 
preparation. 

The exceptional advantages of drv clean coal to certain industries 
has, however, been responsible for a great deal of renewed resiiarch 
into the subject of iniThanical jKocesses for dry treatment, and at 
the present time several forms of apparatus arc under investigation 
in England, these being (1) The Pardee spiral; (2) The Sutton-Steele 
or Ihrtlcy Pneumatic Separator, (3) The Arms Talile*.; (4) The lierns- 
ford Separator; (5) The Lockwood Table; (6) The Kirkup Table; 
(7) The Raw 'I'able; and (8) The Peale-Davis Table. Some of these 
machines have also been recently described^ but only the first two 
can be said to have reached an established commercial position. 
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The use of the Spiral Separator is limited to certain specific classes 
I of coal and can have little bearing upon the general fuel problem of 
i Europe as a whole. There are, however, twenty installations at 
work in England treating approximately two-and-a-lialf million tons 
of coal per annum, mainly of the nut or larger sizes. Of the re- 
maining processes mentioned only Nos. 4 and 5 are mechanical, and 
the remainder pneumatic. 

Upon the work of the Americans, Sutton, Steele and Steele, may be 
said to have been built the whole edifice of pneumatic coal cleaning 
where it has been commercially ap])lied, and wliile modern Euro- 
pean machines have surpas.sed the ideas of the originators, to them 
must be given the credit of departing from earlier ideas and giving 
the world the basis from which present re.search on the dry cleaning 
of coal IS largely being carried on. 

Tn the writer's opinion thedr invention would aj^pear to consist of 
the application of air to the underside of a bed of coal in such away 
as to make the coal buoyant or sufficiently fluid to allow the roiiuisite 
movement between the particles to enable stratil'iration to take 
place. This perhajis was not new, but their method of separating 
the strata by jigging the mass on a specially designed deck was 
definitely new and their further method of concentrating the heavier 
particles either against an artificial obstruction or against a sluggish 
mass of the material itself not only ensured clean products being 
delivered from the machine, but multiplied its capacity several 
times and gave an elasticity to the machine that was essential for 
commercial success. 

All the recent developments carried out have been m the direction 
of improving the method of concentration, but the original pirinciple 
remains the same as that described above, and which was applied 
to coal about six years ago. 

The essential commercial demand, both in England and in other 
European countries, is for apparatus to clean .small coal, and it is in 
this field that the pneumatic process is at its best. There are at the 
present time some eight pneumatic cleaning plants working in 
England treating nearly 600 tons of small coal per hour, while there 
are under construction some eight or nine iurther jilants to treat a 
total of 800 tons per hour. On the Continent of Europe some seven or 
eight plants are under construction, or projected, in France, Belgium, 
Germany and Poland, while in America and Canada approximately 
thirty plants are in operation or under construction for the treatment 
of small coals below 2 in. It is estimated that by the end of 1 928 twelve 
million tons per annum will be treated by the pneumatic process. 
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The New “Vee” Type Separator 

The most recent type of pneumatic separator that has been in- 
stalled in England merits a short description. The running mech- 
anism is essentially a development of the Mark IV. running gear, 
which was designed in conjunction with the Wye vSeparator. This 
running gear has been described by Holmes ® In the present 
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instance,^ however, the running gear illustrated in Fig. 1, is neces- 
sarily of heavier construction and incorporates some new features. 
The drive to the machine is still taken through a gear box containing 
two cone pulleys, which are now arranged to mcorjiorate the fly 
wheels which were originally located outside the gear case. The 
actual head motion is unaltered and con.sists of a pair of ball-bearing 
eccentrics giving a throw of approximately jj in. connected by 
eccentric rods to tiie extreme end of the running gear. 

The original arrangement of the toggle* jilatt*.^ lias been modified 
and three toggle plates an* now used, one at the forward end of the 
separator and two shorter plates at tin* rear (‘iid The sinoothne.ss of 
running has been still further increased by alU'nng the arrangement 
of the springs which hold the machine down to its sealing. 

By means of an arrangement of links and rricker arms the spring 
effort is now obtained dii'cctlv through the ei'iitrc' line of the toggle 
plates 'I'lie lower toggle sealings arc, again, adjustable in a 
horizontal jilane, so that the angle of the togglt* platens may be 
adjusted to suit the separation. 

The vertical adjustment lor altering tlu* lacing angh* of the tleck 
against tlie forward travel of the mab'rial is now obtained by an 
adjustment which lilts and locks the lower toggle sealing instead 
of the upjier forward beam, and a lower centre' of gravity is thereby 
obtained. 

The .sejiarating surface (lug 2) consists of two di'cks su|)]iurted on 
indejiendent beams so that the spillage angle of eacli may be 
adjusted indejiendenlh'. These decks consist of air pervious sur- 
faces having aji|)ro.\imately the .shape of a V, one side of the V 
being joarallel with the eccentric rods and the other side being 
curved in towards the ajiex. The straight side of the V is the 
spillage edge ovi'r which the whole of the products of the .si'jiaration 
are discharged, whilst the other side consists of a liankmg bar 
which }irogressively banks up the refuse as it approaches the 
discharge jooint at the extreme forward end of the sej^iarator The 
surface of the di'ck is equipped with riffles which are inclined away 
from the sjjillage edge and towards the banking bar 
In ojieration the raw coal is fed on to the backs of lhe.se decks, the 
stratification starts immediately, and the heavy jiarticles are 
deflected by means of the inclined riffles towards the banking bar. 
Wherever possible the coal is delivered to the separators by means 
of a gravity feed, but in cases where this is not possible mechanical 
means have been applied. 
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The cleaned coal is spilled progressively over an adjustable tailing 
riffle which runs along the spillage edge of the deck. The progressive 
spillage of the light particles occurring simultaneously with the 
concentration of the heavier particles causes an out-crop of refuse 
at the extreme forward end of the deck, and this piles uj) against 
the banking bar, thereby preventing the coal from mixing with the 
refuse as it discharges from the deck. 

By adjustments of the lateral and longitudinal inclination of the 
deck and the height of the spillage riffle the density and fluidity of 
the bed can be controlled throughout the machine, with the result 
that the most favourable conditions are ol)tain(‘d in treating a wide 
range of sizes at high capacities. 

In the treatment of free-cleaning coals separators of this type have 
capacities up to 100 tons per hour. 


The Cleaning of Sized and Unsized Coal 

The demands of tlie coal industry can be broadly separated into two 
types where the preparation of coal below, say, 2 in. is concerned ; 
one for a process which will give the cleanest possible coal such as is 
required for the manufacture of metallurgical coke, and the other 
a rougher cleaning, having as its object the improvement of the 
appearance and analysis of the coal to a limited extent. 

Up to dale all the pneumatic cleaning plants built in England have 
been in the former class, but their success has brought a pressing 
demand in the lattiir class which has resulted in a considerable 
amount of investigation on the possibility of cleaning coal without 
preliminary classilication. 

The extent to which it is possible to do this depends upon two 
factors. The first is the standard of cleaning required, and the 
second the type of coal to be treated If the standard is the normal 
one, calUng for an ash content in the cleaned coal of, say, 2 ]ier cent, 
above that indicated by the wa.shabihty curve of the raw coal, 
and a refuse product contauiing not more than 2 per cent, of free 
coal, then it can be said definitely that no dry process treating 
unsized coal can meet this standard save onty in the case of a very 
few coals which might lend themselves by virtue of their ash 
distribution to such treatment. On the other hand, if the standard 
is, say, 4 or 5 per cent, above the fixed ash of the coal with a fairly 
liberal discard of free coal in the refuse, it is generally possible to 
meet such a requirement. 
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When unsized coal is treated by any process, with the possible 
exception of the Chance process, it is known that there is only a 
limited range of sizes over which perfect separation can be obtained. 
Below that range the efficiency of the separation falls off. 

Broadly speaking, the problem of cleaning coal either by hydraulic 
or pneumatic means resolves itself into the problem of separating 
the largest piece of coal from the smallest piece of refuse. The 
balance of the separation can be thrown over so as lo imjirove the 
coal product at the expense of a loss of coal with the refuse, or, 
alternatively, the refu.se can be improved by permitting a larger 
proportion of the smaller refuse particles to pass away with the 
cleaned coal. \ 

Coals that lend them.selves best to treatment in thp unsized 
condition are those in which the bulk of the free ash is $,ssociated 
with the larger sizes. Such coals, unfortunately, are fe\y and far 
between, and it is almost universally found that the smaller sizes 
are progressively dirtier. Tables T. and Tl. show the comiiositions 
of two coals demonstrating these two types of ash distribution. 


TABLE I. 


Size, 

111 

WciKhI 
p(‘r cent 

\^h 

1 per con t 

' Proportion c 
totril asli 
, III friiction 

(Iver 

1 

18 4 

: 11-4 

2-10 

1 — 


22-7 

16 7 

3 82 

1 — 

i 

20 5 

2')-f) 

5-23 

\ — 

i 

I 141 

27 0 

3 71 

1 — 

tV 

71 

,32 6 

2 32 


JL 

J’ 

6-3 

33 6 

2 12 

— 

r.*4 

4 3 

37 2 

1-61 

A - 

0 

1 6 6 

40 7 

! 

2 70 



' 100 0 


23 I 1 


Size, 

in. 

TABLE 

■~i 

Weight : 

per cent. 1 

11. 

Ash 

per cent. 

ITojiDriion of 
total ash 
in fraction. 

i — 1 

10 0 

20-6 

2 06 

J — i 

15-6 1 

17-7 

2 76 

i — i 

170 

12-7 

2-10 


18-2 

10-0 

1-82 

■A- — .1*5 

15-4 1 

8-7 

1-34 

S*5 — flV 

10-2 ; 

9-6 

1-00 

- 0 

13-6 1 

; 1 

12-6 

1-72 


1000 


12-86 
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TABLE 111. 


Size, 

in 

1 Raw 

1 Weight 

1 per cent. 

Coal i 

Ash j 

per rent. j 

1 Clean 

Weight 
per cent. 

Coal 

Ash 

per cent 

1 - i .. 

i 28 0 

10 98 

1 23-2 

4-28 

i - I - 

34 7 

18 76 

33 9 

4-00 

I - i ■■ 

; 17-7 

16-46 , 

21-0 

6-16 

i iV ■■■ 

i 8 3 

21-30 

10-6 

14-02 

T^r — 1^5 

3 3 

25 40 

4-2 

20-78 

Under 

1 3-5 

27-36 

2-6 

28-54 

Dust 

1 4-5 

18 64 

4-5 

18 64 

Total 

100-0 

18 13 

100 0 

8 05 


Asli conlcnl f)l 1-50 S (i lloatiriRs — per cent. 

Kcfuse product contained 1-8 per cent free coal floating at I TiO 


Tabic III. .shows the results obtained on treating a wid(' range of 
sizes on a pneumatic separator and then examining each size se- 
paratel}’ The results indicate clearly that although the coal lias 
been substantially improved and that a reasonably pure nduse 
product has been removed, the cleaning of the coal itself is im- 
perfect— although in this case good enough for market requirements. 

Table IV. shows some hgurcs recently pubhstied by the American 
Rheolaveur Corporation which are interesting in comiiarison, 
being typical of modern washery jiiactice. They indicate that over 
a size range of 6 to 1 separation is excellent, but as the range extends 
to 18 to 1 the separation falls off, and immediately this range is 
exceeded the scqiaralion breaks down altogether, in a similar manner 
to the })iu*umatic separation detailed m Table III. 

TMtLE TV. 


Size, 

in 

K AW 
Ash 

per c ent 

(OAL 

Sink 
per cent 

Washkd Coal. 

1 Ash Sink 

! per cent, jier cent 

Refuse 

Ash l-loat 

per cent per cent. 

3 -fir — 

18 8 

11 0 

' 6 5 

0 0 

75-5 

1 2 

2^ - 1 /5i 

17 7 

12 0 

6 5 

0-3 

84 2 

1 4 

- li 

15-7 

10-0 

7 6 

0 7 

80-2 

0 5 

ii — 1 

14 4 

9-0 

7 2 

1-3 

80 6 

3-1 

“1^ • ■ 

14-4 

7-5 

' 10 4 

3 2 

82-8 

2 8 

h — fn 

13-7 

7 0 

10 1 

3 6 

81 9 

3 4 

A 

15-9 

10-0 

12-9 

6-4 

61 4 

21-5 

Many people who are attracted l)y 

the somewhat lower capital 


costs of such an installation fail to reali.se the heavy financial losses 
involved by comparatively small losses of recoverable coal in the 
refuse. Fig. 3 gives some idea of the losses m tons per annum, 
from which may be judged the financial cost of inefficient coal 
treatment. 
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Fig. 3. 


Some results of cleaning British and Continental coals are given 
in Tables V. and VI. 






TABLE 

V. 












Fixed Ash. 



Raw Coal 

Clean Coal. 

Reeuse. (1-50 floatings.) 

Size of Coal, 

Ash 

Sink 

Ash 

Sink ' 

A.sh 

Float i 

Ash 


in 

per cent, per cent. 

per cent per cent.l 

per cent, per cent. J 

per cent. 

H - 

- f 

15-72 

197 

5-10 

3-7 i 

70-4 

2-6 i 

4-00 

H - 


16-10 

20-1 

6 58 

7-5 1 

76 8 

3 4 

2-94 

H - 

- S ■■■ 

9-15 

11-4 

4-13 

3 3 

68-3 

1-8 

3-20 

If - 

- i 

9-12 

9-0 

4 96 

3 5 ! 

80 6 

7 

3-63 

If- 

-i 

11-43 

12-2 

6 17 

4-6 ' 

67 2 

1-6 

4-06 





TABLE VI 




— 








Fixed Ash. 


Size of 

Raw Coal. 

Clean Coal. 

Refuse. 

(1-50 floatings.) 

Origin. 

Coal. 

Ash. 

Sink 

Ash. 

Sink. 

Ash. 

Float. 

Ash. 


mm. 

per cent, per cent 

per cent, per rent 

per cent 

per cent 

per cent. 

Ruhr 

10 — o-sl 

13-74 

15-5 

6-35 

5-9 

73-3 

2-8 

3-77 


10 — 0-0 (13-76) 


(7-41) 





Belgium 10 — 0-5, 

16-59 

21-3 

; 4-90 

5-2 

71-4 

3-5 

3-26 


10 — O-O, 

(17-34) 


(7-65) 





Fr^ce 

20 — 0-5: 

31-30 

38-9 

I 8-84 

7-6 

81-5 

2-7 

4-98 


20-0-3, 

(29-45) 


: (10-05) 




_ 
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The PnAumatic Cleaning Plant at Thorne Colliery 
A description of the pneumatic cleaning plant at the Thome 
Colliery of Messrs. Pease & Partners, Ltd., may be interesting in 
view of the fact that it is probably the most modern plant at work 
in any country, and also that it is the first plant to be put into 
operation in which the dust collected during the process of cleaning 
is drawn away for final pulverisation, and burned under water tube 
boilers. 

The capacity of the installation is 130 tons per hour and the raw 
coal is taken direct from the underside of the main screens to an 
overhead 130 ton bunker, from which it serves into an underground 
70 ton bunker which can also be filled from railway wagons. 

A main elevator of the continuous bucket type delivers the raw 
coal on to a Hum-mer Pull-dog Tandem vibrating screen which 
separates the raw feed at J in., the oversize product being subse- 
quently re-screened over a llum-mer Standard 4 ft vibrating screen, 
and the undersize being re-screcned at J in. on a Hum-mer Bull-dog 
Tandem. 

The coal that is treated in this plant at present is from the High 
Hazel seam, and in common with the bulk of South Yorkshire 
coal, the ash content of the raw coal rises in the finest sizes. 

As has previously been stated, it is desired in this plant to make, 
and market, a 4 in. coking slack; and this product is of considerable 
interest, p^rimarily because it has been cleaned without replacing 
the refuse by moisture, and also because the dust has been removed 
from it in the cleaning pirocess 

During a preliminary examination of this coal, it was found that 
in the dust of 100 mesh size the caking index was only 40 per cent, 
of that in the sizable coal, while the finest dust consisted almost 
entirely of fusain, and was not only non-coking, but would only coke 
when mixed with a considerable quantity of larger coal. Thus, by 
removing the dust, the coking properties of this slack have been 
considerably improved. Further, this fine dusr contained nearly 
twice as much sodium chloride as the bulk of the coal, and this 
objectionable material is therefore reduced in the slack which is 
being marketed. 

In spite of the fact that this dust is so objectionable from a coking 
standpoint, it has nevertheless one virtue, a reasonably high calorific 
value, and advantage is taken of this property by using it as pul- 
verised fuel in water tube boilers. 

It seems highly probable that this practice will, in the near future, 
find a progressively wide application as the disadvantages of 
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carbonising such dusts are more widely appreciated, aiW as the 
combustion of pulverised fuel becomes more popular. 

The separator floor houses four Wye type pneumatic separators, 
making the following market sizes : — 

Doubles ... to 1 in. 

Singles ... 1 to i m. 

Beans . .. ^ to in. 

Slack .. ... ... . . I in. to 0 

The clean coal is delivered by means of shoots fitted with anti- 
breakage devices on to the floor below, where the conveyors are so 
arranged that the whole of the cleaned coal can be re-mixed and 
returned to the colliery screening plant, where it can, if de.sircd, be 
re -mixed with the larger sizes. Alternatively, the t^^o larger sizes 
can be loaded separately and the two smaller sizes mixed to give 
a 2 m. slack. 

The middlings are collected on to a common belt running the full 
length ol the building, and are returned to the raw coal feed. The 
refuse from all machines is fed on to a common belt conveyor 
running the full length of the building, which, in turn, delivers on to a 
cross belt conveyor, by means of which the material is loaded up 
into wagons. 

The scf)arator treating the smallest size is equipped with an 
aspirator to remove the finest dust. This dust is discharged into a 
cyclone where the bulk of it is collected and the cyclone discharge is 
connected to the main bag filter. 

All the separators are totally enclosed by steel hoods and these 
are connected to the common dust extractor fan and the bag filter. 

The dust from both the cyclone and the bag filter is collected by 
a screw conveyor and fed into a dust elevator which discharges 
into the top) of a dust bunker having a capacity of 150 tons. From 
here it is pneumatically conveyed to the boiler house. 

The total installed horse-j)OwxT is 226, ai)proximcite]y one-third 
of which IS devoted respectively to the elevators and conveyors, 
separators and separator fans, as])iration and dust collection. 

The air consumption is rather more than 20,000 cu. ft. j)er ton of 
coal treated. 

The plant is illustrated in Figs 4 and 5. 

In conclusion it is of interest to note that the whole operation of 
the plant is controlled from the separator floor Here tlie control 
panel is linked up to the contactor house on the floor above, and 
by pressing the main start button the operator sets the contactor m 
motion, which, in turn, starts up each unit of the plant in its proper 
sequence. 
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Fig. 5. 


427 


COAL TREATMENT 


By means of this automatic starting arrangement any possibility 
of the operator running coal on to a stationary conveyor or operating 
the main elevator with the plant standing is eliminated. 

The essentials of pneumatic separation in commercial plants may 
be said to be: — 

(1) Size classification within limits to be determined for individual 
coals. 

(2) A regular feed of approximately the maximum quantity of 
coal for which the separator is rated. 

(3) rtie removal of fine dust from the smallest size of coal before 
it is fed to the machine. 

DUSU COLl.l.C TION ' 

In connection with the latter product I have describe^ elsewhere^ 
a number of methods of dust collection, their advantages and their 
disadvantages, and it cannot be said that the jiroblcms" of dealing 
with dust are even a])])roachiiig final solution. 

The liiiest dust is undesirable in a pneumatic separator treating 
fine coal, say, below ()•! in., since it tends to prevent the lliiidity 
of the bed which is essential to stratification So far as possible, 
therefore, it is necessary to remove it before feeding the raw material 
to a machine. This is now done on the normal type of aspirator or 
dc-duster such as is commonly found in w^ashery plants in Germany. 
Any further dust made by abrasion of the coal particles is removed 
by suction from the hood, which usually eiuloses each separator, 
and it remains for the dust to be removed from the air stream. 
This i.s at present cknie by passing the dust-laden air into a collector 
w'hich is a combination of a cyclone and a bag filter (see Fig. 6). 

The larger particles of dust are de])o.sited by centrifugal force and 
expansion, and the air carrying the lighter jiarlicles rises through 
the bags and passes out through the filter tubes leaving the finest 
dust inside. It is possible with this type of filter to obtain a differen- 
tial separation of dust, and so to regulate in some degree the quantity 
of finest dust to be drawn off for boiler or other purposes. 

The dusts that are collected in filters which operate in conjunction 
with pneumatic separator plants arc of considerable interest, and 
some figures are given in Table V. showing the relative fineness of 
dusts from four sources. Nos. 1 and 2 are from Durham gas coals, 
No. 3 from a Lancashire coking slack, and No. 4 from a Kent coal. 

The proximate analyses and calorific values of these four dusts 
are given in Table VI. These figures are all taken from samples 
obtained in commercial operation Unfortunately, comparative 
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figures from the Thorne j)lant arc not yet available, although there 
is no doubt that in this case the ash content will be liigher than in 
the instances cited in Table VI. 
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TABLE V. 


bize oi bcrecii, 


Opening, 
in Mesh. 


Per cent, of Total Dust. 


■0.128 

20 ! 

5 0 


6-0 

Nil 

15 

■0232 

28 ! 

7 .5 


8 0 

Nil 

4-5 

■0104 

35 ! 

13 0 


115 

2-0 

5-0 

■01 H) 

48 

20-5 


18 5 

4-4 

27 0 

-0082 

05 

14 0 


12-5 

12 0 

14 5 

■0058 

100 

150 


1 0 0 

25 2 

17 0 

■0041 

150 

0 5 


11 5 

21-0 

10-0 

0020 

200 

3 5 


5-0 

24 4 

4-0 

l\ui 


12 0 


1 1 () 

10 4 

10 5 


-- 

100 0 


100 0 

100 0 

100 0 




rATJLJ-: 

: VI 

\ 

\ 




i 

__ 

1. 

2 

3 

~4 

Moisture, per tent 


1 00 

2 00 

1 55 \ 

1 00 

Ash, pel Lent 


11 8() 

1 2 02 

0 1 8 ' 

0 22 

Volatile Matter, per cent. 

..j 

29 30 

1 20 72 

31 40 

21-22 

Fixed Car 1)011, per cent. 


50-04 

j 51) 20 

57-87 

08 56 

Calontic V'alue, 1-5. Tli U jh' 

Til) ' 

I. -{,700 

1 13,400 

’ — 

14,560 


It lias been found in practia; that the dust removed Irom the 
hltei'b has an ash content of only apju'oximately loiir-ldlhs ttiat of 
the dust in the law coni This fact, whidi lias bec'ii ainjily jirowd m 
commercial operation, is borne out by li|^nires ohtaiiK'd by Mr A. N. 
Harrison Slade, ol Ihrinmf^hain Ihiiversit^ , who loiind over a 
number of tests that the ash content of the colle cted diist avinaj^ed 
between 75 and 80 per cent, of that loiind in tlu* untreated dust, 
Thus, if the ash content of the dust in the raw coal is 2U jier cent., 
the ash content (T collected dust will [irobabjy be about 15 ]H‘r cent. 
This IS due to the tact that the air current drawini;' olf the finest 
particles tiuids to reject the larfjest ])articles of shale, and pyrites, 
and, in consequence, the laif^er fraction of the collected dust is 
often found to have quite a low ash content 
It is usual to find a hif^her ash content in the dust below in. 
than in any other fraction of the raw coal. I'his is not universally 
true, especially in the ca.se of very friable coals, where the reverse 
may be the case. This latter tendency is noticed in some Welsh 
coals, more especially in Continental coals, and in coals from the 
Kent coalfield As a matter of jmrely ter finical interest, it is 
generally femnd that in dusts having high ash contents the very 
finest portion, say through 200 mesh, which consists almost ex- 
clusively of fusain, has a rather lower ash content than the dust of 
slightly larger size. 
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Genera|ly speaking, tlierc is only one valuable property associated 
with ('oal dust and that is its calorilic value, and although a number 
of cas(‘S might be cited wht're the dust can be usefiillv remixed with 
the hulk of the cleaned coal for carbonisation or combustion, tliere 
is a great deal to be said for tin* rapidly growing practice of burning 
this dust as pulverised fuel There are at the present tim(‘ two factors 
which tend to delay the wider adoption of this practice The hrst 
lies in the diihculty that is omamntered in the transporting of dust 
by rail or road in this country It is common practice in Germany 
to transport coal dust by rail at rates tluit have become (juite an 
attractive proposition from a commercial standtumit. Tn the United 
States large quantities of coal dust, usually for pulverising piiqioses, 
are transported by means of motor lorries lilted with tank bodies 
from the pulverising plant to small individual users. JUTorts are 
being mack' in this country to jH'rsiiadc* the railway companies to 
remove the jiresent restrictions on the transporting of coal dust by 
rail, and it is ho]ied that m the near future it will find a ready 
market for use in central power statiems as pulverised fuel 

The second factor that has retardc'd the development of the u.se 
of coal dust as a fuel at the pit head is the fact that a large number 
of collic'ries are ecpnpped with l.ancashirc boilers in whic h, until very 
recently, it was impracticable to burn pulveri.sed fuel, and the cost 
of replacing them by water tube boiltus is so high as to render the 
c hange unattractuc' from a c'ominercial standpoint , wink' many 
colheric^s use in their l.ancashiie boilers, eithc'r from choice or of 
necc'ssity, a feed water so hard as to rc-nder the operation of water 
tube boik-rs nnt)ossible 

It would appear that the problem of burning coal dust satisfactorily 
in Lancashire’ boikus is now ap[>ioachnig solution, and in conse- 
cjnencc' coal dust as a luel may now make mucdi greater ap])eal both 
to the cefiliery engineer and to the- sin.ill power user generally 

Such dusts as have been descTibed are not sulhcic-ntly fine to thermit 
of complete combustion, and must be still furthei reducc'cl in size 
before they can be ellicicmtly burned I hi'\' ha\ v, howc'ver, an advan- 
tage in that they are already of rcxisonably small size compared with 
fiu'ls that are usually |>ulverisecl. but in j mm dice this is not found 
to be so great an advantage as might ap])ear to be the case at first 
sight d'he fact , however, that they are invariably free from large 
pieces of abrasive material such as shak' or ])vrilcs, and that they 
cannot possibly contain bolts, nuts or ccxil-ciitter picks which are 
frequently found in slack coal, and which have disastrc^nis effects 
on pulverising machinery, constitutes a very real advantage. 
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One of the greatest hindrances at present to the pro'jress of 
pulverised fuel practice lies in the heavy cost of upkeep of the pul- 
verisers It is of interest to note in this connection that the author 
is at present associated with an extended series of experiments 
covering the use of several thousand tons of coal, with a view to 
determining the relative costs of pulverising raw coal and coal that 
has been freed from shale and pyrites by means of pneumatic separa- 
tion 

Apart from the use of coal dust as pulverised fuel for steam raising, 
it should also lind considerable application in connection with the 
maniifactun^ of Portland cement ; whilst, althougli tlie market is 
more restricted, a large quantity of coal dust from the dust collectors 
in pneumatic ( leaning plants has b(‘en sold for use in irbn foundries. 

In the Tnited States there are a number of open-iK'arth steel 
furnaces and other metallurgical furnaces which are fired exclusively 
with coal dust , and jinjvided that dusts reasonably low in ash and 
sulphur are available, there is not the slightest reason why many 
more furnaces should not be similarly tired. 

MTSChLLANJ’OUS No'lTS 

M(nstiin\~ It is not yet possible to lay down definitely any formulae 
for determining the percentage of moistiiie which defc'ats the process 
of pneumatic separation. 

Generally speaking, however, it may be said that provided the 
coal is not so wet as to prevent sizing at about i in , moisture content 
matters very little. But below J in the margin of surface 
moisture permissible is not high. Slade^ states that (.m the experi- 
mental table at Birmingham University, when treating coal J in -0 
in size, he reduced the surface moisture from 3-6 to 2*6, or 28 per 
cent, by passing the coal over the separator once, and on re-mixing 
and cleaning improved the overall efficiency by 13-5 per cent. 
After further reducing the moisture content to 0-5 per cent, by 
several further circulations over the machine, he obtained a further 
increase in efficiency of 16 5 per cent. 

There is no reason to doubt that these figures give an approximately 
correct idea of the effect of moisture on very fine c(jal where particle 
adhesion is greatest and most difficult to break down Inherent 
moisture has no effect on the cleaning operation. 

Costs of operation . — Figures obtained from the commercial plants 
at present at work in England indicate that the operating costs 
of a cleaning plant (clean coal basis) average as follows- — Total 
operating cost, including inside staff, power, maintenance and 
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repairs, I approximately 2 *25(1. per ton, power being charged at 
•875d. per kWh. The labour cost is 0-35d. per ton and the power 
consumption 1 -85 kWh. 

Advantages of Dry (leaning — The inherent advantages of clean 
and dry fuels appeal instantly to those who arc accustomed to 
purchase and utilise them with full knowledge of their subject. 
Much has recently been written on the subject, and there appears 
to be an approach to unanimity amongst authors. 

In the steam raising, coke and gas manufacture, the advantages and 
economies are so far-reaching as to prevent their full consideration 
here, although some discussion of them may be found in j)revious 
papers ^ 

It is interesting to note in connection with advanced coke oven 
practice that two batteries of coke ovens now under construction 
in England, of different Contini‘ntal type?>, are both being provided 
with diy prejiaration jilaiit. 

Bnqiictling. -In the manufacture of briquettes, a reasonably low 
ash content in the finished briquette is essential, and it is usually 
necessary, therefore, to wash the hue coal from which the briquettes 
arc to be made, and as the raw material of the briquette industry 
is usually below I'j, in., the moisture content of the washed coal is 
necessarily high, ranging from 12 to 16 per cent. 

Eeforc such a product can be sent to the brujuetting plant it must 
be dried, and in order to effect this a considciablo quantity of coal 
has to be burnt, usually amounting to about 15 per cent, of the total 
weight of coal dried. 

Taking into consideration the cost of labour, repairs and deprecia- 
tion, the substitution of dry for the wet process of preparation should 
reduce the cost of the coal delivered to the briquetting ])lant by 
probably 25 per cent. 
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ZllSAMMENEASSUNCr 

Her Tk'ncht befasst sich kurz init der Entwickluiig cles Selieideiis dor Kohle 
von den Bergen aiif trockenem Wege und Jen verschiedeiien ’Vcrlaliren, die 
gegenwartig entwedcr schon ausgebeiitet werden ocli-r dn^ sicli nodi im Ver- 
siichssladiuin bcfmdL-n. ICs wird die Stellung der pncumati^chcn Sdieidimg 
in England betraclitet, wo gegenwartig (iOO c'tiglisdie Tonnen pro Stiinde 
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gescliiedon wordon. J)ie nii Jiaii bofindlichen AnIagCMi wenlen diese i^eistiinL{ 
aiif 800 cnglischc Tonnen pro Stiindo crhcjlicn In Enropa Indindm sn h 
mchrerc Anlagfn iin Han, dio in dor ganzLMi hrliandoltc Mengt' bcKiiilh 

sich uui uTigcfalir Mdlioncn onglisclu' Tonnrn jabrlicli. 

J)ie EonstruUtion dcs “ VKE'’-Si:lic*idors wirtl cingcluMifl beliandolt, des- 
gleichen die Vcrarbeitung von dor (Irosst* nacli nicht soitiertiai Kohluii Zaldcn 
zeigen, vvic dio Wirksamk»"it sowohl ]k*i trockeiiL'in wjc bci nassL’in Scheidc7i 
init der C'.rossc df^r Kolilen wei hscll Die moderne TroLkenscfieidiingsanlape 
der Thorne Colliery m der Nalie von Doncaster in T*'iigland, die 1 30 enghsche 
Toiinen Kohle von It " bis 0 pro Slundc verarbejtet, wird eingehend besrhne- 
ben Die.se Anlage umlassi 4 Separatoren vorn ‘'VV'vE”-1'yp, -‘'•e 1 roc kenschei - 
det Kohle in Nuss- nnd Schlackengrosse fur den Markt Die fielnehskosten 
emer pneumatischcn Scheidungsanlage werden iiiit 2 , 2 ^ Pence ])to enghsche 
Tonne angegeben i 

VVeiterliiri wire! der Staiibsaniiiiler in Verbiiidiing mil dcT ^'ropkt'iischeidimg 
der Kohle behandelt nnd die Verwondiing cies gesammeltcm .Slaiibes aN 
Stanbbrennstoff beschneben Es wird aueh der lOiiifliiss des E'enchtigkeit.s- 
gchaltes von Hohkohle auf die Trockenseheidung bes]irochcn Hei der De- 
handliing der Vor/uge der Trockeii.scheidiiiig wml daraiif hingevvit\scn, da.ss 
zwci gegenwartig iin Ban befindliehc Koksofenanlagen in luigland mit pneu- 
matischen Sc heidiingsanhigen arbeitcn werden, was naliirlich die Leistung 
der Oten bedeutend steigern wire! iin Vergleich niit nasser Kohle 

Die in der Brikeltindustne dank der Trockenwasehung erzielten Ersyiarnisse 
werden gestreilt, der Bericht schliesst init einer Belraehtiing der erzielbaren 
Frachlersparnisse beim Transport trocken geschiedener Hrcnnsloffe. 

Dcm Bencht smcl Lichtbilder einc^r modernen jnienmalischen Schcidungs- 
anlage beigegeben Tafeln zeigen die Ergcdmisse \on Kohlescheidungsver 
suchen, auf die im Text vc'rwiesen wird. 
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GENERAL REPORT ON SECTION C 

COAL TREATMENT 

(a) CLEANING. {/>) DRYING, (c) BRIQUETTING 

DR. W. R. CHAPMAN 

There are seven papers presented to this section of the Con- 
ference, enl»tled : — 

Cl Cleaning Bituminous Coal (U.S.A.), by J. R. Campbell. 
C2 The Drying of Brown Coal without Breakage (Austria), 
by Prof. Dr. H. Flcissner. 

C3 The Dewatering and Drying of Coal (Great Britain), by 
R. A. Mott. 

C4 The Cleaning of Small Coal (Great Britain), by Dr. W. R. 
Chapman. 

C5 The Cleaning of Coal by Froth Flotation (Great Britain), 
by Prof. E. Edscr and P. T. Williams. 

C6 The Principles of Pneumatic Separation with a descrip- 
tion of the Static Dry Washer (Great Britain), by 
Geo. Raw and F. F. Ridley. 

C7 The Dry Cleaning of Coal (Great Britain), by Major 
K. C. Appleyard. 

The subject matter dealt with in these papers may be divided 
under the following headings : — 

(a) Description of coal-cleaning processes 

(b) Principles of pneumatic separation. 

(c) New types of pneumatic separator. 

(d) Comparison of coal-cleaning processes. 

(^) Dewatering and drying bituminous coal. 

(/) Drying of brown coal. 

(a) Description of Coal Cleaning Processes 

Coal too small to be hand-picked economically can be cleaned 
by a number of mechanical processes. Of the coal cleaned in 
Europe, about 90 per cent, is cleaned in jigs of one type or 
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another or in Rheolaveur washers, but there are a number other 
processes with merits for special purposes which are frequently 
worthy of consideration as alternatives to the more widely 
adopted processes. 

4 All modern processes are described by Chapman (C4j. He 
outlines the principles used in the following processes : — Jigs 
(Baum and others J, Rheolaveur, Draper, Chance, concentrating 
tables, froth dotation, pneumatic separators, spiral separators; 
all of which have been widely adopted; and he describes brietiy 
the following new processes: Raw, Berrisford,, Lockwood,^ 
Clean Coal Co., Kirkiip. The description points to the relative 
advantages and limitations of different processes. ' 

5 Campbell (Cl ) also gives some particulars of American practice 
with the Rheolaveur process, concentrating tables, and' the Menzies 
hydro-separator, and froth flotation is described at some length 
by Edser and Williams (C5). 

6 Particular interest attaches to the description of dry-clcaning 
processes, especially by Raw and Ridley (C6) and Appleyard 
(C7j, for although dry-cleaning processes are not as efficient as 
the principal wet-cleaning processes, dry cleaning has an attrac- 
tion in many cases, which will certainly lead to its wide adoption. 
For this purpose pneumatic separators are likely to be most 
widely adopted, but spiral separators and the Berrisford and 
Lockwood processes are alternatives. 

\h] The of Porunuptu Separation 

7 Raw and Ridley describe at length the principles used hitherto 
in pneumatic separators of the SJ. and Wye types (American 
Coal Cleaning Corporation and Birtley Iron Co.). Figures are 
quoted in the appendix to their paper (by Prof. G. R. Golds- 
brough) to show that the principle is that known as “terminal 
velocity” operation. This principle can only be employed effi- 
ciently with sized coal. 

S In an attempt to improve upon the efficiency of pneumatic separa- 
tion with unsized coal, Raw and Ridley conducted experiments 
that have led to the design of a new process — the Static Dry 

* The process formerly known as the Dry Coal Cleaning Co '.s process is 
now called the Lockwood process. 
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Washerj In this process air is used in a manner differing from 
that of its use in earlier appliances. 

9 Instead of being supplied as a current of air of sufficient velocity 
to support the coal particles dynamically, the bed is made to act 
as a piston Being unsized, the coal can pack closely together, 
and if air is supplied at a critical pressure it can be made to 
support the bed statically and bodily, much as an air pressure can 
support a piston. The pressure applied is equivalent to the depth 
of bed multiplied by the “bulk-density’' of coal (0.67), and, in the 
fluid condition induced, the heav)* dirt can work its way to the 
bottom of the bed and displace the coal into the upper layers. 
The critical pressure applied to the bed is less than that required 
to sel up terminal velocity conditions. 

( c ) N rw 7 ' V pes of Pnenma'u Sc para t a rs 

10 Appleyard ( C7) describes a new pneumatic separator — the “Vee" 
type — introduced as an improvement on the well-known “Wye” 
type. The “Vee” separator is of similar general construction to 
the Wye, but the deck-shaj-e has been altered, the outer (spillage) 
edges being straight and the arms of the Y being considerably 
extended. The separating surface consists of two decks supported 
on the same framework. The method of separation is essentially 
the same as in earlier types and the improvements arc largely 
constructional, emphasising certain features of the former design 
to obtain better results. 

11 The Static Dry Washer, described by Raw and Ridley, is also 
a new process operating according to the principle already stated. 
The apparatus consists of a jigging trough divided longitudinallv 
into cells. The coal stratifies in the first cell and the uppermost 
layers are removed by skimmers. It is essential to maintain a 
uniform thickness of coal bed along the whole length of the 
trough, and to allow for the coal removed by the first skimmer, 
the trough is narrowed sharply as the coal passes down an in- 
clined step from the first to the second cell. Here the stratifica- 
tion is completed and more coal is removed. The middlings and 
dirt are separated in a third cell, also connected to the previous 
cell by an inclined step and a constriction. 

12 It has been found advantageous to use an oscillating pressure, 
obtained by supplying air through a pulsator to an air-chest below 
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the trough. The air-chest is so shaped and the pulsator^o timed 
that resonance is set up in the chest, each accession of pressure 
being timed to coincide with the return of a reflected pressure 
wave. 

Ij Appleyard, discussing the cleaning of sized and unsized coal, 
states that unsized coal can only be cleaned on pneumatic separa- 
tors if the standard of cleaning is low, e.g., that the ash content of 
the coal is reduced to within 4 or 5 per cent, of the fixed ash and 
a fairly libeial discard of free coal with the refuse is allowed. 
The results for the Static Dry Washer fall well within these 
limits, however. ^ 

14 It has usually been thought, hitherto, that the first pneumatic 
separator used for coal cleaning was the C J. t'^ble (Sutton, 
Steele and Steele patent), but Campbell (Cl) recoi^ds from per- 
sonal experience that the Bonson table was used in 1914. 

15 The collection and disposal of the dust have always been diffi- 
culties in the way of pneumatic separation, and it is interesting 
to see that the dust from the dry-cleaning plant at Thome 
Colliery is drawn away and burned under water tube boilers at 
the colliery — the rational method of disposal. The usual method 
of collecting dust now adopted is to pass the dust-laden air into 
a combined cyclone and bag-filter (C7, Ing. 6). The larger dust 
particles are deposited as the air expands in the cyclone and the 
finer particles are trapped by the bags through which the air 
escapes. 

16 The dust collected is stated to have a lower ash content than that 
in the original coal, owing to a differential separation by the air 
current. 

(f/) Comparison of Cual-Clcamng Processes 

17 When an operator has to choose what type of process to install 
he is too frequently compelled to make first cost the only con- 
sideration. This is unfortunate, and where it does not obtain, 
information relative to the comparison of processes is valuable. 
The relative merits of many processes may be judged from the 
papers contributed, and the following factors have been put 
forward as the most worthy to be taken into consideration in 
choosing a process : — 
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Th4 market for the coal. 

The effect on the total cost of production of the marketable 
product. 

The circumstances in which the process must be operated. 

The last factor includes the nature of the existing plant; the 
space available, the decree of cleaning and sizing required; the 
nature of the raw coal ; the regularity of the scams ; the through- 
put required; water supply and requirements. 

ig Various figures are given for the cost of operation of different 
processes, c.g., by Appleyard, Raw and Ridley, and Campbell. 
It is doubtful if these figures are comparable, and it would be 
valuable to be able to make them so. To be comparable the 
figures should be for a plant of a certain size (e.g , 100 tons per 
hour) ; power and wages rate must be reduced to a uniform basis ; 
rent, management expenses, capital charges must also be on a 
standard scale; and any royalty payable should be stated. It 
would be interesting to have further information on these points 
m the discussion in order that a true comparison could be made. 

Campbell (Cl) draws attention to the charge for loss of output 
as refuse, and the loss of coal in the refuse. The total loss of 
this kind — bank loss — may assume considerable proportions 
Appleyard (C>6) also deals with this loss and gives a graph (Fig. 
3) showing the amount of coal lost annually in the refuse under 
different conditions. To interpret this graph the size of plant for 
which it is calculated should be given. 

20 Chapman (C4) discusses the total cost generally and shows, in 
paiiiciilar, that the loss of output per 1 per cent, of ash reduction 
increases greatly the lower the ash content required. Thus the 
ash content may be reduced from 8 to 6 per cent, by rejecting 
2.6 per cent, of material^ but to reduce the ash content from 4 to 
2 per cent., the minmuin amount of material th.it can be rejected 
is 12.5 per cent, of the total. This is a factor that must be borne 
in mind by consumers who demand very clean coal, and they 
must be prepared to pay substantially for the advantages they 
obtain. 

{e) Dc^vaicring and Drying Bituminous Coal 

21 The various types of appliance that may be used to dewater and 
dry coal are : — Drainage hoppers and conveyors, de-watering 
screens, vacuum filters, centrifuges, and direct dryers. 
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22 Mott (C3) shows that natural drainage and dewatering on 
screens cannot reduce the moisture content of coal below a 
certain limit, depending on the amount of very fine material 
present. The finest material fills the interstitial spaces and the 
water is retained by capillary forces. The application of stronger 
forces than arc brought into play in natural drainage, as in 
centrifuging, enables a further reduction to be effected, but with 
the smallest sizes heat only is really effective. If the finest dirt is 
removed, c.g., by froth flotation, drainage is facilitated. 

23 Drainage hoppers are the simplest means of dewatering, but 
their cost and the space required has led to their I'eplacement by 
dewatering screens, of which there are several types. Screens 
are cheaper and quite efficient, but some form of filter is re- 
quired to dewater slurry, or a froth llotation\ concentrate, 
adequately. Centrifuges are efficient and not very costly with 
fine coal, but they are unable to deal with slurry. Filters are 
especially suited to slurry treatment and have been used exten- 
sively for flotation concentrates, reducing the moisture content 
to about 15 per cent. 

24 To prepare coal for pulveriscd-fuel firing, or to reduce the 
moisture content of slurry to below 15 per cent., heat drying 
alone is satisfactory. Flotation concentrates have been dried 
commercially to about 6 per cent, of water in dryers. 

25 A rational scheme for dewatering washed coal is suggested by 
Campbell ( Cl) as follows : — 

(a) Dewater the fine coal above | in. by natural drainage 

(b) Centrifuge the coal from f in. to 48 mesh. 

(c) Dry the slimes (48 mesh to 0) by heat. 

This scheme is being put into practice at a washery being 
constructed at Pittsburgh. It sounds complicated, but it should 
certainly be effective. 

(/) Dryiruf of Brown Coal 

26 The ordinary methods of dewatering bituminous coal, by screens, 
filters, or centrifuges, are only applicable to the removal of the 
adventitious moisture, and the inherent moisture cannot be re- 
moved except by heat. The moisture in brown coal, which may 
amount to 40 per cent., is inherent, and can only be removed by 
the application of heat. Heat-dryers of the usual type consist of 
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rotating^cylinders or, if vertical, of stationary cylinders, with some 
means of causing a slow descent from one level to another. Hot 
flue gases travel in the opposite direction to the coal. 

27 Such appliances may cause considerable fracture of the coal, 
especially of brown coal. To reduce the amount of breakage a 
method is used in Austria in which the coal is heated by steam in 
an autoclave at a pressure up to 15 atmo.spheres ; the temperature 
is retained for a period of 1 ^ to 2 hours; the pressure is then 
released, and air is passed through to dry the coal. 

28 The success of a small trial plant of two autoclaves has led to 
the erection of a plant of eight autoclaves to produce 560 tons of 
dried fuel per day with a moisture content of 14 to 15 per cent. 
The steam released from one autoclave is used in a second one 
and the steam consumption is only 0.6 to 0.7 Kg. per Kg. of 
water removed. By the careful use of waste steam the heat 
consumption is only 460 cals per Kg. of water e\aporated. 

29 In treatment, the coal contracts and the contraction prevents 
the re-absorption of water after drying. 
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WEDNESDAY, SEPTEMUER 26 (mOKNINC:) 

Sail on ( 

COAL TREATMENT 

(^0 Cleaning, (h) Drying; (r) Ikkiuetting 
( Jmrman‘ Pkoeessok R. V. Wheelicr 
The (leneral Re]i()it was presented by Dr. R. Wv Chapman. 

Dr. R ]j-:ss]N(, (Vice-C'hairman. (ireat l^ritain), (^])ened the dis- 
cussion and said that the work done during the last'^few wars had 
marked a very considerable sl(‘p forward and a great advance 
towards the rejuvenation ol the coal industrv. During tlu‘ last 
thr(‘e or four ^Tars the cleaning of coal without th(‘ addition of watcn* 
had made great jirogic'ss, jiarticularly in this countrv, a certain 
amount of piogrc'ss had been made in America belorc then It 
would b(‘ a ver\’ useful outcome of tlu* discussion it the claims made 
for the two kinds ol cleaning coal. 7'/,:., wet washing and dry cleaning 
were considc'red, even if tlu* jioiiit could not be sidtled as to whicli 
was tlie better. Major A])ple\'ard in his pajiei jxnnted out that dry 
cleaning was not V('t apphcabk* without aiijireciable lossi's where 
very clean coal was required, but was mainlv intended for the 
partial removal of the retuse to about 4 or 5 j>er cent, above the fixed 
ash content in (he coal. That was the jiosition to-day, although 
no doubt advances would be made. 'File considerations a])])lying 
to the wet and the dr^' processes weie veiv similar and it should 
be possible to make some interesting comjiaiisons between them, 
but tin* coni})arisons must be on a relative* basis The most im- 
portant j)oint in any such discussion, howi'ver, was cost, and u])on 
that some information would be welcomed. 

Mr (i l.A^MHoi RXE ((ireat I-lritain) said tin* j)robl(*m before the 
technicians was to evolve .some .system by which small coal could 
be cleaned, at a cost which could easily be borne by the jiroducer, 
to a state of cleanliness which would give the user valiu' lor his money. 
The advantages of dry ch'aning came under thrt*e heads, and he 
spoke a.s a fuel technologist wlio had a good knowl(‘dge ot the jiracti- 
cal.side of coal cleaning and who had recently had a very intimate 
knowledge* of the practical and the research side of dry cleaning. In 
the first place, on the question of cost, wet cl(‘anmg was efficient, but 
it wa.s exjiensive. In the* case of two such washenes in Durham 
and South Wales, the cost of wet cleaning coal was 3s. 4d. and 
Is. 2d. per ton respectively, and, although Dr. Chapman in his paper 
referred to a cost of 3d. per ton, wa,sheries where that was po.ssible 
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were verv few and far between. On the other hand, the speaker 
claimed that the cost of dry cleaning could be brought to below 
3d. per ton; that figure related to actual practice in cleaning small 
coal, and it included both capital and operating costs. The advan- 
tage to the consumer was considerable becau.se in one case of a 
con.sumer using about 1,000,000 tons per annum, he had gone into 
the matter and found that by dry cleaning the coal an increa.se 
in the calorific value of 7 piT cent, was obtained and in another 
case 9 per cent. Moreover, the ash conttail was 1 ])er cimt. below 
the ash content of the shale in the coal, and he claimed that this 
was very elhcienl dry cleaning. Dry cleaning was preferable to 
wet washing because it was effective in dealing with the whole of 
the coal, wliereas wet washing could not deal with the fines. He 
believed it was a recognised fact that wet w.Lshiiig could onlv" deal 
with certain sizes. Some screenc'd before washing, and others 
washed without screening, but he had heard that this lath'r process 
necessitated tin- extraction of the very fine coal it efficnait washing 
was to b(* obt. lined and the slurrv dillicultv was to be oviacome 
That was the s(Tond advantage of dry cleaning, and the third was 
that it satislied the necessity for a low moisture content T)r\' 
cleaning could [injvide modern coke ovens with a dry coal, and so 
d(‘crease the (dking period and at tin* same time laial'ile tlu‘ coke 
oven owner to use coal which he would otherwise have in (lum\) 
or leav(‘ underground On tin* relativi^ merits of tin* two pnx'esses 
he ratliei felt that Dr C'hapman’s remarks in the pa])ei indicated 
insutiicient (ont.ict with the ])r(Ka‘sses he de.scribed As a matter 
of fact, there were iiients in both processes, sonu' ol winch were 
designed with a s])ecifi<' oliject and others in consecpuaice of a pecu- 
liar kink on the part of the inventor. One particular dry ch'aiung 
sysii rn with which ht' had biaai (dosel\ connect(*d lor tour years was 
a uietluKl based on a kink, but it was a kink which had heiai de- 
velojied as the result of years and years ol experience in the concen- 
tration of minerals. To extract the maximum ix-rcentagt' of ash 
from coal uivolva’d giinding the coal to tlie linest ])ossil)le state 
because the ash was bound u]i with the c(ki 1 He had lecentlv 
dr\ cleaned coal of a size of 1 .j in. to 0, coal which ('ontaineil in- 
separable ash amounting to 13-8 jier cent., but which alter grinding 
to ?> in Wiis rediicixl to 8 per c(‘nt W^et w,ishing could not get down 
to within 2 per cent ot the fixed .ish w'hereas w’ith the dry cleaning 
proci'.ss to which In* had referred he had got dowai to 1 tier cent, 
of the fixed ash, by taking the coal all m from 1 in. to nothing as 
against the hniitatum ol the wet process as regards tines As 
to the cost ot working such a process, local conditions affected the 
result and it was im]K)s.sil)le to bring the opiTating costs to a uniloim 
basis. 

Puor. Doiu^las H.\y (Great Britain) spoke as a mining engineci 
who not only had to decide the type of jilant to install but also a 
to operate it in such a way as to obtain the results clesired n 
South Yorkshire practically the whole of the slack and small c.oa 
passing h in. mesh was carbonised in high temperature ovens. 
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It contained, in its raw condition, about 15 per cent, of ash and some 
50 per cent, of it would pass in. It, therefore, presented a problem 
in washing, and in his own case he had to treat this slack to make 
it suitable for a new oven plant which was under construction, 
using modern silica brick, which imposed finer limits as regards mois- 
ture than did the older types of plant. The problem, therefore, 
was to bring the ash content in the washed coal down to 6 per cent, 
and the moisture down to 9 per cent, and preferably 8 per cent. 
Having carried out numerous experiments to see which tyjie of 
washing plant was likely to give the best results, the conclusion 
arrived at was that none of the dry-cleaning processes quite gave 
the desired efficiency, whereas several of the wet washing processes 
did. The conclusion was also arrived at that the key to success was 
tile removal of a certain proportion of the fine dysl jiassing 1 mm. 
mesh before washing and using that dust on the premises for power 
production or in some other way. No difficulty had'been experienced 
in getting the moisture content in the final product below 10 per 
cent, and the ash percentage below 6 per cent., a^d by the use of 
de-watering screens there was no need for expensive centrifuges 
or filters or a tlierinal dryer, all of which were comparatively costly 
to maintain. Another problem in wad washing was the proper 
clarification of the washing water in circulation, l)ut this difficulty 
could be overcome by the use of suitable clarification tanks. Finally 
Prof. Hay said that in tlie case of tlie plant he liad referred to, 
the (juestion was considered whether a central wa.shery should be 
installed to deal wath the coal from the number of collieries con- 
cerned in the scheme or whether individual plants should be installed 
at each colliery. The decision to install individual plants was 
influenced by the fact that in the event of new' developments in 
.such washing plants it w'ould be .simpler to Ir}' them out at indi- 
vidual collieries, instead of having to scrap, perhaps, a very large 
central plant. 

Dk. R. Liissixo (Vice-ClKLirman, (neat Britain) said his attention 
had been called to the statement in his previous remarks that a 
limit of 4 or 5 per cent, above the inherent ash w'a^ the possible 
limit of dry cleaning. Nothing w'as further from his mind. Con- 
tinuing, Dr. Lessing referred tc) a process of coal cleaning which he 
said has not yet been made public, and which w'as dissimilar from 
any of those discussed so far, in that it W'as entirely indi'jxmdent of 
the size of thi‘ coal. 'J'lius it w'as necessar\' to deal with one factor 
only, specific gravitv, instead of the two factors of specific gravity 
and size. This particular process, how'cver, was not based on a 
“kink” in the brain of the inventoi, mentioned by a previous sjieaker, 
but on a thorough scientific investigation, wdiich originally was not 
intended to deal with the practical problem but was directed 
towards elucidating the distnliution of the mineral matter in coal. 
The jirocess u.sed as the means for the sejiaration of the refuse from 
the clean coal wa^ the very critc'rion which w'c had been in the habit 
of employing for testing the composition of raw coal, viz., the ordi- 
nary float-and-sink test. In the past, there had been considerable 
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difficiilty in the commercial application of such a process on a large 
scale, but these difficulties had now successfully been overcome, and 
it was now possible to obtain quantitatively the possible maximum 
yield of truly clean coal from coals in which the ash and refuse were 
in mechanical admixture with the coal, whicli was the case with 
all small coals. It was not quite so easy in the case ol large coals, 
and it might be found more advantageous to crush the coal where 
the highest possible purity was required. By this process, however, 
it was ]X)ssible to get the ash content down to brdwet'ii 1 and 3 
per cent., while the free moisture was le-is than 5 jier cent. 

The process consisted in introducing thv. raw coal into a dense 
liquid, such as a calcium chloride .solution. Tt was not quite as 
simple as it appeared on the surface, because* in order tocoinplv with 
commercial requirements it was essential to remove the ('alcium 
chloride solution from the coal in such a manner that it could be 
recovered in its original strength without aiiv ap[)re('ial)li' loss 
so far as the cost of cleaning was concern(*d. Tins had lu'cn loimd 
possible by removing, in the first instance, tlie fine jiortion of the 
coal, which contained ]iractically all the fusain and which was in 
character, both chemically and physically, i^ntindy diftt'rent from 
the puri' coal. Tn ordtT to make the process economic, how(‘\'(*r, 
it was necessary to carry it out in such a mannei that these lines 
were recoveied in a condition in which they could be used diri'ctly 
and without further grindirg for coal dust firing. I'his was done 
with such accuracy and such a close cut that although tlu* whole 
of this fine material was recovered, the coarse material sent tc> the 
gravity cleaning unit contained no more than a fraition ol 1 percent, 
of material 50 mesh, or having a maximum diaimder of 

] mm. Discussing tlu* question of expie.ssing the I'riicit'ncy of 
processes. Dr. Lessing suggested that it would be better for any 
cleaning process to take the calorific xalue of the raw coal and 
expn'ss the etficiency by assessing tlie calorific l alue ol the market- 
abi(‘ jiroducts obtained as a percentage of tlu ir total value* In 
the process mentioned, from a slack ])assmg a in. screi'ii, and 
containing 15-20 per cent of ash, 75 pi'r cent, of its calorific v alue 
was recovered in the form of a coal containing 2 per C(*nl. of ash, 
and 22 per cent, ol a fuel powder containing about 14 ])er rvui. of 
ash. Only 3 per cent, ol calorific value was lost as relume 

Mk. C. W. H. floLMl-s ((ireat Britain) said w< had been told by 
Mr. T.ambourne that the millennium had artived so far as dry ch-aning 
was concerned and we had also been told by Brof Douglas Hay 
that it had not Personally he had been iiitiTested in the dry 
cleaning of coal for several years, and he wished first oi all to draw 
attention to an error which it appeared Dr Lessing had made 
in reading Major Appleyard’s pa]ier m saving that coal eould be 
dry ( leaned down only to 4 or 5 pt‘r cent, above the fixi'd ash. 
That was a general statement relating to the tnxitment of unsized 
coal. In dry cleaning coal that had been si/.ed down to two, or 
po.ssibly nmre sizes, results at least comparable with those obtained 
with wet washing could be obtained and these were bi'ttei than 
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4 or 5 per cent, above the fixed ash. Two papers had been presented 
dealing with pneumatic separation, one by Mr. Raw and Aie other 
by Major Appleyard. The theory was gone into at considerable 
length in Mr Raw’s paper, but Mr. Raw knew that he disagreed 
with him fundamentally about his theory. So far as the conditions 
dealt with in that paper were concerned, however, they could be 
brought under three heads, inz., the bed, the air and the motion. 
As Mr. Raw had pointed out, it was quite imjiossible to have the 
conditions nanu'd m the paper with an o])en bed because there was 
then too great an escapement. On the other hand it was absolutely 
essential to have some escapement, but conditmns varied gradually 
all dowai the scale*. The otln^r facteir of most importance was the 
motion applied to the separator, and it was interesting to note the 
figure mentioned for the maximum motion, viz, 400 osciflalions 
for -J in through It lather seemed that that was the motioA above 
gravity acceleration, which how'ever desirable on the* separator 
W'ould he very undesirable on the structun*. I'lgun's wert* given 
in Major Aj)]ile\'ard’s j^aper showing that in the treatnii'iit of unsizt‘d 
coal the impiovi'inent graduallv ft*ll off ]ust as it did with ivet 
w^ashing, and it w^as common knowledge that in a number of washing 
processes the re-treatment of the fines in a re-wash box. such as the 
Haiirn jig or the Rheolavenr trough, w\as carried out, and personally 
he saw no discredit m giving a certain amount of jirefenuitial treat- 
ment to the fines in the process of dry ch'amng, because tlie fines 
were notorioiislv most dificult to treat by any process The question 
as to what iinproyenient could be* made m the treatment oi unsizc^d 
coal depended primarilv on the coal h'reijuently a striking mijirove- 
ment could be made m the County ot Durham whereas tlu* imjirove- 
ment m the majority of South Yorkshire co.ds wamld not lie very 
great. This was assficiated with the ash distribution in tin* coal, 
and each case must be judged u])on its nierits 'I Iktc was no best 
method for w^ashing coal, neither jirobabh was (h(‘n* any best 
method fiu treating coal dry Suniniansmg the esst'iUial condi- 
tions in any form of jineiimatic separator, there must be the maxi- 
mum fluidity and density of the bed Ccuijiled with the minimum of 
velocity c)f escajHMnent of the air w'ith regard to the* sinalU-st jiartic'le 
there might be in the Vied So far as the snj)j)lv ol cUr jiiessuri* wxis 
concerned, various statements had lu'en jmt torw^ard regarding 
the relative advantages of continuous or juilsatmg pressure* in a 
bed containing a mixture of jiarticles Jt was ( xlrenu'h’ dihicult, 
however, to maintain eithei In the ca.se ol conlinuoiis pressure 
there was a distinct valve action with lilt and fall of the bed which 
gave, to a certain extent, a pulsating action On tlu* other hand, it 
was impo.s.sible to maintain the jmlsations through the bed wath 
the inten.sity with which they left the jmlsator, so that the conditions 
in the two cases tended to be rather similar. 

Mk. R. a. Mott (Cireat Ikitain) remarked that m the pajier on 
froth flotation the authors suggested that instead of cleaning all 
coal below 10 mm. or | in. by various wa.shing proce.sses, only that 
portion which was le.ss than 3 mm. or J in. should be cleaned by 
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froth flotation. It was a moot point whether froth flotation 
processed in general could clean coal of such a large maximum size 
as ^ in. It used to be claimed that the maximum size was in. 
but from figures which he had been examining it seemed that the 
maximum size was mort' often m. It was well known that the 
advantage of froth flotation was that it had no lower limit of size 
which could be treated, but one of the great disadvantages which 
had pn'vented its wider adoption was the fact that the concentrates 
could not easily be de-watered. That was due to the fact that the 
maximum size of particle which could bt* treated was very small. 

1 1 was worth while considering, therefore, what factors were concerned 
in limiting the* maximum size of jiarticle which could be treated by 
froth flotation. In these proc(‘sscs, m which the air was added to 
the oil and coal mivtun* by agitation with a large fan, it seemed 
clear that the tiirbiilt'nce produced dislodged air biibf)les from the 
larger coal particles, which, therefore, did not lloat. The ])rocesses 
which adm tted com]ir(‘ss(‘d air at th.e bottom of the cell had the 
ad\'antage of less mechanical disturbance. t)ut the difficulty had beiai 
most succt*ssfully .solved, m his opinion, in the vacuum llolation 
jirocess associated with the name of Mr. h'rancis Elmore. In this 
proc(‘Ss the <iir bubbles were produced by tlu* oyieration of a vacuum 
and W(‘re yiroduced from the air dissolved m tlu‘ water and from the 
gas(‘s occluded in thi' coal. The biibbh's were pioduced without any 
mechanical agitation, and precautions were taken to prexent tur- 
bulence, so that once the air biibbk'S had Ina'n attached to the large 
coal particles they would not be dislodged. In this way it had bei'ii 
found experimentally that pi(*ci‘S as large as [ in. of certain coals 
could be floated by the x'acuum flotation process and it was easy 
to tloat coal of a maximum size of J m The advantage of this 
was fairly obvious, because the ]>rociss gave a product which could 
be more tsisib' de-watered. 

Certain other advantagi's of the vacuum flotation yirocess if 
better known — might make cleaning by inUh llotation more yioymlar. 
hor i \am])le, the froth containing the clean coal »)Verflowed from the 
top ol a cone-shayied x'essel and therefore lit lit* dirty washing water 
yiassed over. Tlu* absence of .slimes Irom the wa.shmg water tacih- 
tat(*d dewatering and resulted in a cleaner product, or, m other woids, 
a greater percentage recovery t)f a given (piality of coal could be 
inadt*. Variation m the qualit\' of the cleaned coal was contro led by 
adjustment of the vacuum applied, which enabled the middlings 
to be rc'covtTed or discarded. Dewateniig was improved by the 
ajiyilication of the vacuum available. One other point was tlic 
low |)owcr requirement compared with tho.se froth flotation processt's 
requiring violent agitation. 

Dr. Tomaidrs (Aii.stria) called the attention of the Conference 
to the fact that Dr. Idei.s.sner, one of the authors, had died since 
his yiaper was prepared, and added that the process described in 
his paper had been proved most .siicce.sstul in the treatment of 
Austrkm lignites. He offered to an.swer any questions that iniglit 
be asked with regard to this paper. 
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Dr. J. a. Roelofsen (Great Britain) speaking from experience 
of the ordinary wet washing process and without any e^iperience 
of dry cleaning, said that coke oven people desired a coal as dry as 
possible and containing as little ash as possible. As regards the 
removal of surplus water, there was a process which had been in 
use for some years, and he was surprised it had not been mentioned in 
any of the papers or in the discussion. He was associated with 
two of these plants which were of the pulsating types, and they 
dealt with a variety of coals which arrived at the coke ovens from 
a number of collieries, 20 to 30 miles away. The coals contained from 
10 to 24 per cent, of ash which had to be removed and it was reduced 
to 6 or 7 per cent, in the pulsating washer, the water being taken 
out without producing any .slurry to speak of. The plant consisted 
of a series of hoppers overflowing into a trough. The cc^al, in the 
first instance, was crushed from 4 in. to 1 in. down to d^st. The 
whole of it was floated with the wa.shing water into the,hi^ppers. 
When the coal accumulated in the hopper, the water o\^erfiowed 
by way of the troughs into a sump and was used again. The luippers 
were of 120 tons capacity, and were allowed to drain through two 
columns of ]KTforated metal 2 ft m diameter and 24 to 25 ft. in 
height, the height of the hoppers. The surplus water drained 
through thes(‘ perforated columns and came out perfectly clear 
at the bottom and was used over again. There were no mechanical 
moving part.s, and the proce.ss was extremely simple. It brought 
down the water content of the coal to about 8 per cent., which was 
quite a good performance. It took 48 hours lor each hopper to 
reach this condition, and there was very little additional expen.se 
involved as it was necessary to store three days supply m any case, 
and some storage accommodation would be required for that. 
There were 20 such hoppers of 120 tons capacity each; the drainage 
columns lasted for many years and a good product was obtained 
for the coke ovens. 

Mr. a. Grounds ((in'at Britain) said lu* wished to correct an 
imprcs.sion that seemed to exist among those in the mining industry, 
and also among fuel technologists, that wet wa.shing and dry 
cleaning were antagonistic to each other. That was not so at all. 
At the Bradford colliery in Manchester there was a group of spiral 
separators which were dry cleaning coal, but the middlings fraction 
obtained was re-crushed and treated on four concentrating tables, 
a combination of wet washing and dry cleaning, which was very 
efficient and dealt with the smalle‘st coal. In the Lewis Merthyr 
colliery in South Wales both proce.sses were also used, and the wet 
washing people were anxious to co-operate with the dry cleaning 
peojile so that the greatest advantage could be obtained from both 
processes. As a matter of fact, at the pre.sent time' one of the largest 
makers of wet wa.shing plants was contemplating installing a dry 
cleaning plant as a roughing plant preliminary to the treatment of 
the coal by the wet process. Therefore, the two processes were not 
antagonistic but complementary to each other. His one regret 
about all the papers was that so little was said about the cost of 
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working these v^irious processes, and he would have wc'lcoined 
comparative cost^ ol operations under more or less similar condi- 
tions. Whilst in the wet process there was the dinicullv ol dealing 
with the slurry, in tlie dry rlt‘aning jiroccss there was the dust 
problem, and althougli it was not .i very courageous attitude' (o 
adopt lu- feari'd that souk' mining engineers liad ado])t(‘d the view 
that “better ihe devil w(' know than the dt vil w(‘ do not know.” 
That was nut tlie correct altitude to lake uj), and he beluo'ed the 
wet cleaning peoph' themseh^es would be \’(*rv pli ased to heat what 
had been done 1)\ the dry cleaning jx'ople as legards the dust ])rol)- 
lem. 

Mr. a S. Pjin:\T\ALL (threat Hritam) said that lu' had liad some 
experience with oiu' of I lie latisst t\p('sot dr\ cleaning jdant , cleaning 
slack below in in thn'c sizes, to o in , to J m. .md to in. In 
the first c.ise thi' amount oi in-e shale could lit' icdiiced lo 1 or 
2 per cent., in tlie second 2 or 3 [lei cent and in Ihe thud 4 oi 5 tier 
cent. There* wTie, howev'ei, certain tlin tualions in the otieration 
of the ])lant which would have* to be ovcM'Come'. Possibly these 
were due lo tluctuatioiis in the raw coal, or ])(*rh,i]rs to stratilication 
of light and heav\' mab^rial in the bunkers. 1 1 could never be 
expected that coal troin several ('ollicTies, or t‘\'en one, would be 
of a constant imiloim quality. Px'fore drv cleaning could be 
consideri'd fuliv c'riicii'Ut. therelore, thc'se variations would have 
to be eliniinat(‘d. As tin* seiiaration was not com])li'le, it w^as nece.s- 
sarv to n'circulatc' about U) per cent, ot tin* product. The jilant 
w’a.s put dow'n to make a c'oking slack ha\'ing .i maximum of «S per 
cent, of ash and that result wars often obtained, but owang to the 
variations lu' had mentioned, it could not at the moment bt* relied 
iiyion. He was (ontident, however, that this w'ould soon be realiscid. 
About 10 to 15 pel cent, ot dust was aspirated and the intcuition 
was to c'arbonise some of this into low temperature fuel, but at 
present it wms being sold st'parately as pulverised fued or put hack. 
Tlie ash coiiti'iit of this dust w^as rediu:ed by asi)iration from 14 to 
10 per cent Wry considerable rc'diictions in the sulphur content 
of the slack w’cre effected liy the removal of pvrites. 

This coiieJudi d tin* Discaission on Section C 
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SECTION D 


STORAGE AND HANDLING 
OF SOLID FUELS BY 
THE USER 


Dt MliTIiODS OF CONTROL. FREI’AUATION, HANl)LIN(i AND 
STORAGI^: OF C'OALS I^Y THE NATIONAL RAILWAYS OF 
RKLGUJM 

D2 storage and HANDl.lNIi OF LEMATANG ADMIRALTY 
COAL 

Dj STORAGE. HANDLING AND TRANSFORT OF OMHILIN COAL 
AT EMMAIJAVIlN 

D4 THE STORAI'.E AND llANDLLNIi OK SOIJT) FUELS HV THE 
USER 


THE NUMBERS ARE THOSE (;1VEN TO EACH PAPJ.R 
I'OH LISE AT THE FUEl, CONEEHliNCl', 




METHODES DE CONTROLE, PREPARATION, 
MANUTENTION ET EMMAGASINAGE DES 
CHARHONS A LA SOCIETE NATION ALE DES 
CHEMINS DE PER BELGES 

(methods or ( ONTKOE, PKliPARATlON, HANDLING AND STORAGE OF 
COALS HV THE NATIONAL RAILWAYS OF HELGIUM) 

SOCIKIL \ATIONALE DES (T'.EMINS DE M K HEIJ.LS 

11. (HENU 

Paper No. D\ 

(ON TEN! S 

NATURE OF l-UEL — METHOD OF BJ.ENDING— DKS( RIPTION AND 
OPERATION OF GRADING PLANT — HANDLING AT DEPOTS — CONTROL 
OF COAL — BUYING BY QUALITY OF FUEL 
LIST OF EXPERTS. 

RESUMl- 


Importance du keseau 

La Societc Nationale des chemins de fer beiges exploitc un r^scau 
de 7.699 km. qui represente la presque totalite des voics ferrees de 
la Belgique. 

Le nombre de tonnes-kilometrcs brutes remorquees aniuiellement 
est de 32 milliards environ. Piles representent 111 millions de 
kilometres de parcours de locomotives. 

Le tableau ci-apres permet dc comparer, au point de vue de 1 im- 
portance du travail de remorque des convois, V exploitation de la 
Societe Nationale des chemins de fer beiges a celle de quelques 
grands reseaux europeens pendant I'annee 1926. 
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Di'.sigiiatioii (les reseaux 

Kilometres 
de voies 
pnn Cl pales 
exploitees 

Tonncb-kilonietres 

remorquees 

(trams) 

Kilometre.s- 
locornotives 
parconrus 
(m an (DC nv res 
comprises)* 

Allemagne ... 

77 088 

224 100.000 000 

730.055 000 

L.M. A S. Kv. 

21 48'J 

— 

253.457.000 

L. A N.E. l<v' 

18 512 

— 

180.474 000 

J’.L.M, 

14 84() 

.. _ 

138.809 000 

Chemins dc ler hedges ...; 

7.0t){) 

32 Oil) 000 000 

110 1)97 000 

Cireat Western Ky ... ...| 

1 10-222 

— 

107 195 000 

£tat FraiK^ais . . 

13077 

— 

80 241) 000 

Nord TraiK^ais 

(i 454 

- _ 

80 240 000 

Southern 

().703 

- 

73 077 000 

E.st FraiK^ais 

Clieiniiis (le fer lederaiixi 

i). 1 74 

1 

1 

. 72 (W) 1000 

S Hisses 

3 802 1 

0 20S 000 000 

39 380 000 

Midi FraiK^ais 

5 470 ! 

— 

35 09(') 000 

Ahsace-LoiTairu* 

3 ()54 1 

— 

(14 87() 000 


* Les chillres dc cette coloiiiK' on! rtc“ I'-tablis on mipposaiit, ])()Lir tons U'S 
r6seaiix, que rhcurc cle inarhinc* di* in.iiuuuvrc* toiTcs]iondL a 4 Km de 
paiTonrs 

Nature des lomdiistibi.es consommes 
Les chemins de for beiges coiisomment annuellcinenl, pour le 
travail dc Iciirs locomotives, iiu tonnage total d'environ 2.400.000 
tonnes de combustibles divers Cc chiffre ropresente 9 jxair cent de 
Textraction totale annuclle des charbonnagt's bt‘lges qui a etc de 
27.750.000 tonnes en 1927. 

Comme le font gcneralemeiit les exploitations de transports ])ar fer 
qui comprennent, dans les limites geographiques dt* leur r('‘scan, des 
bassins charbonniers importants, les chemins de fer beiges utilisent 
des types de foyers de locomoliv^es apjiropries a la nature des 
combustibles produits dans leur reseau, e’est-a-dire en Belgicpie. 
Comme on le salt, les combustibles extraits des mines beiges cornpren- 
nent une proportion relativcment elevee de cliarbons de petites 
dimensions, e'est-a-dire de charbons menus Les charbonnages 
beiges sont d'ailleurs amencs a utiliser une partie de leurs poussiers 
dans la fabrication de briquettes. 

On cont^oit, des lors, que les chemins de fer beiges aient cherehe a 
utiliser dans la plus large mesure j)o.s.sible les charbons menus qu'ils 
peuvent trouver sur place a bon compte de jireference aux charbons 
en roche ou aux briquettes, lesqucls attcignent generalemcnt des 
prix depassant sensiblement cclui qui correspondrait a leur valeur 
calorifique comparee k cclle des menus. 

Cependant, I'usage absolument cxclusif de charbons menus dans 
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les foyers de locomotives aboutirait a une exploitation peu econo- 
mique cfc la traction des trains, le charbon menu conduisant, 
toutes choses cgales, a une puissance inferieurc de la locomotive 
par m“ de surface de grille. 

Aussi les chemins dc fcr beiges utilisein-ils d’uiie fa(;on geiu'^ale 
des foyers ini-profonds permetlant I’emploi, soit de combustibles 
menus sous faible epaissciir de feu, soit de combustibles en morceaux, 
cribles ou briquettes, briilant sous une assez forte epaisseiir et 
permettant ainsi la combustion eventuelle d'un poids eleve de 
charbon par m- et par heure, soit encore simultanement dii menu et 
du gros en pro])ortions variables, ce qui rend possible la realisation 
de toute la gamme des regimes de combustion sitnes cntre les deux 
regimes extremes. 

Un tel etat de choses repond bien aux exigences du moteur de 
traction doiit la puissance, dependant de la charge et de la vitesse 
du convoi ainsi que du profil de la ligne, est essentiellement variable. 
II est done fait usage du combustible menu chaque fois que la 
puissance de remorque exigee en autorise I’emploi, ou, yilus exacte- 
ment, la chauiie de la locomotive est rcglee n lout instant de fa^on 
a ce que la proportion de menu utilisoc corresponde a la puissance 
a realiser par le moteur. C’est ainsi que Ic meme type de moteur 
utilisera exrlusivement du menu a certains trains faciles et du 
crible ou des briquettes a d’autres trains ou sur d’autres ligries; 
la meme locomotive, disposant sur son tender des deux especes de 
combustibles, est ameiUH' aussi a consommer, au m6me train, du 
menu sur les tron(;ons de ligne a remorque aisee et a faire usage de 
morceaux peu apres sur d’autres tronc^ons. 

Ce principe, evidemmcnt elementaire, qui consiste a faire, a toni 
moment, iin choix de combustibles tel que Ton obtienne, en tin do 
comptc, la calorie-vapeur au jirix de revient minimum, pout paraitre 
plus theorique que pratique, et Ton peut se demander s’il est possible 
d'amener les 5.000 mecaniciens et les 5.000 chauffeurs roulant 
sur le reseau beige a faire toujours, parmi les combustibles divers 
qui sont a leiir disposition sur leur tender, le choix jiidicieux et 
economi(]ue que I on escoinptc, alors qu’ils devraient etre plutot 
tentes de faire choix des combustibles de mcilleure qualite et coutant 
le plus cher. On y est arrive cependant en leur hxant, apres une 
etude faite sur chaque train, les incthodes de chauffe a suivre; en les 
rationnant, avant le depart, aussi exactement que possible et, entin, 
en les soumettant a un regime tres special dc primes d’economie de 
combustibles. 

Dans ce regime, le mecanicien et le chauffeur disposent, ])Our chaque 
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train ou scrie de trains analogues, d'une allocation par tonne- 
kilometre rcmorquce exprimce en kilogrammes de charbon-type. 
Cc charbon-type, qui a la valeur I, correspond a un charbon compose 
de proportions dcterminccs de menu et de gros et son prix est 
approximativcment le prix moyen des combustibles consommes 
dans tout le reseau. Tout combustible delivre au inachinistc est 
frappe d’un coefficient de valeur different do 1 et proportionnel a 
son prix. C’est ainsi que si le mecanicien charge, sur son lender, 

1 .000 kg. d’un combustible qui a etc paye 1 ,4 fois le prix du charbon- 
type, cc combustible sera caracliVise par le coefficient 1,4 et le 
mecanicien sera cense avoir re(,'u 1.400 kg. de charbon-type. 
Inversement, si le mecanicien fait charger 1.000 kg. d’un charbon 
ne con I ant que les 80 pour cent du prix du charbon-tyj)e, la 
delivrance ne lui est comptee que pour 800 kg. II vn resulte que 
le mecanicien et le chauffeur ont un interet c onstant a ^ montrer 
parcimonieux des combustibles a prix eleve et a n’y recourir que 
dans les limites des exigences de lour horaire ct de la charge qu’ils 
remorc|ucnt. 

L’efficacite des moyens mis en ceuvie dans ccs dernieres annees 
pour atteindre le but poursuivi apparait par les chilfres suivants. 
En 1919 la proportion de charbons en roche et de bricpiettes con- 
sommt\s etait de 65,5 pour cent; cettc proportion n’etait plus que 
de 17,18 ])our cent en 1927, bien que, dei)uis 1919, la vitesse el la 
charge des trains aient cte en progression constante. Dans ces 
17,18 pour cent, les briquettes figurent pour 12,47 pour cent. 

En rc:sume et contrairement a ce que font la plupart des re'seaux, 
les chemins de fer beiges consomment en majeurc par tie des 
combustibles menus ct le tonnage annuel consomme'^ dans cette 
categoric est de 2.000.000 tonnes environ. 

Les dimensions de ces menus vont de 0/30 a 0 70. La tencur en 
matieVes volatiles qui, apn' s des essais precis et sun'ant les donnees 
d'une longue experience, a ete reconnuc la j)lus favorable, est de 
18 a 18,5 pour cent. 

moyp:ns employes pour realiser le combustible 

Li: PLUS AVANTAGEUX 

Origines des ( OMBU.sTiBLES MENUS.^ — Les 2 000.000 de tonnes 
de menus consommes annucllement sont generalcment fournies 
par les charbonnages beiges. 

Les bassins charbonniers beiges .sont producteurs d’une gamme 
tres etendue de di verses qualites de charbons, la teneur en matieres 
volatiles variant de 9 a 32 pour cent. Or, le charbon menu 
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que les ^hemins de fer beiges veulent consommer dans leurs loco- 
motives doit avoir, pour repondre aux exigences dc ren dement et 
d'economie definies par les essais et rexperience, des caractcristiques 
bien precises, notamment en ce qui conccrne la tenciir en matieres 
volatiles qui, ainsi qu’il cst dit plus haut, nc doit pas s'ccarter des 
limites 18 a 18,5 pour cent. T1 ne serait evidemmcnt pas possible 
de trouvcr unc mine beige qui, a clle seule, fournirait la lotalite du 
combustible menu possedant exactement les caractcristiques 
requises. II est done nccessaire de rccourir a plusieurs mines, 
meme a celles qui cxlraient des combustibles dont les caracteres 
s’eloigiient des conditions optima qu'on veiit realiser. 

All surplus, les chernins de fer beiges dcsirenl s’aliinenter a toutes 
les mines beiges, e’est-a-dire a tous les bassins Tls sont ainsi 
amencs, non seulement a acfpicrir des composants ties differents en 
dimensions: des 0/10, des 0/30, des 0/50, des 0 70, des braisettes, 
etc., mais, dans chacune de ces categories, ils r)btiennent toiite la 
gamine des charbons, des plus maigrcs aux plus gras Le n ombre 
de fonrnitures differenles aliinentant simultain nient les chernins 
dc fer atteiiiL ainsi normalement 200. 

Pour arriver a la realisation du menu ideal escompte, les commandes 
sont reparties eiitre toutes les mines de telle sorte que, compte teiiu 
des caracteristiques propres aux fournitur(‘s de eliaque mine et 
relatives a leur teneur en matieres volatiles, a lour teneur en cendres, 
a leur pouvoir agglutmant, a la fusibilite de leurs cendres ct aux 
dimensions dc leurs composants, on obtienne par leur melange, 
suppose parfait et homogene, les caractcristiques que Ton s’est 
lixees a I'avance. 

Mais cc menu ideal doit etre distribue en une centaine dc points de 
coTisoinmation repartis dans tout Ic re.scau, e'est-a-dire dans les 
depots dc locomotives ct les garcs importantes. 

La question sc pose done de savoir si Ic melange prealable et in- 
dispensable doit se realiser au point de consommation, e’est-a-dire 
au depot des locomotives, ou s’ll n’est pas preferable d’effectuer le 
mtdange dans unc ou plusieurs grandes centrales situees entre les 
200 origines et les 100 points de consommation. 

Ce nombre particulierement idcve des origines et des points de 
consommation indique immediatement que cette seconde solution 
est la seule admissible. L’installation d'un melangeur en chaque 
endroit dc consommation representerait uu capital considerable. 
En outre, pour obtenir en chacun de ces points le combustible de 
la qualite voulue. il faudrait y expedier im nombre ties tdeve de 
fournitures di verses, chacune d'importancc forcihnent reduite, ce 
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qui, dans la pratique, conduirait malgre tout a un combustijdc final 
s’ecartaiit notablement du combustible prealablement defini. 
Enfin, I'irregularitc inevitable dcs livraisons des charbonnages 
necessiterait, a cote de chaque rnelangeur local, un stock suffisant 
de chacune des nombrcuscs origines, ce qui imposcrait Tamenage- 
ment dc magasins encombrants cl cofitoAix 



log 1 KeprcsfiiUition sclirin.iiujiu' dii role el flu rleuiip rr.ulion di s 
centrales dc melange. 

NDI-. 

( II VUII()\ f >K \- 

C 3 f.Kx- 

\l IMI N lA IIOiN I'l 'INIHMI-' 

, . . I 'nl \ I 1 1| t ON - (i\IM \ 1 llIN I Mv I I f I \ I l( M 1 ‘ 


C I \ I K M I ^ 

% I'MiKOll'- III ( oN'.riMMAIKIN 

Ees cliciniiis de for beiges out done tronve preferable d*' reeourir 
au melange prealable dans quelqu(‘s grandes centrales sitiuM\s en 
divers points dii rescan, 

Ces centrales de melange son! au noinbre fie 4, chacune d'elles 
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produisant joumellcment 1.200 a 1.500 T. de charbon m61ange, 
de charl3on “fini/' si I’on pcut dire, Cette production journalierc 
peut atteindre toutefois 2.000 T. dans chaque centrale. 

La recherche de la situation la plus favorable de ces centrales a 
fail I’objet d’un examen attentif. II imj^orlait, en effet, d’ovitcr 
le plus jxjssible que du cliarbon provenant des centres charbonniers 
beiges on arrivant ineme de Tetranger par nos porls on nos gares 
froiiLieres et se rendant aux centrales de melange, ne soit oblige de 
rebrousser chemin v'ers les heux de consoninialion et ne provoque 
ainsi des parconrs suppleinentaires des charbons sur le reseau. 



Fi^ 2 Rinic.sentulioii scliemaliqiic d’mic cenLrale de iiulange. 


La carte de J^elgique de la Fig. 1 mojitre d une faeoii schematique 
comment le ])robleme a ete resolu. 

Fon(. 7 'ionnemeni' o’unk Centrale de Melange Le plan 
schematique de la Fig. 2 repre.scntc une centrale de melange. 

Triage pr cal able. —L qs wagons dc charbons venant des mines, sont 
prealablemcnt tries et ranges dans un ordre bicn determine avant 
d’etre conduits aux culbutcurs de wagons. Ce triage s opere sur un 
long faisccau de voies A^, Ao, A^, A^. 
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Nous reviendrons plus loin sur la raison d'etre et I’importance de 
ce triage pr6alable. ' 

Cnllmtenrs. — Lcs wagons pourvus de portes laterales sont culbutcs 
sur le culbuteur lateral lcs autres, munis dc portes frontales, 
sont amcnes sur Ic culbuteur frontal dont Taction est bcaucoup 
plus rapide. Dans le cas du charbon sec, la chute de In charge y est 
pratiqucrneiit instantanee. Les deux culbuteurs penvent d’ailleurs 
^^tre inslalles sur une fosse commune. 

Melange.- Le cliarbon, tombe dans lcs fosses des culbuteurs, est 
amene, ])ar des chaines a godets, au sommel d’lm massif dc 4 tours 
Tj, d o- ^ deiM)se sur une chaine a raclettes f|ui se meut 

hon/ontaleineni et le deverse dans Tune on 1’. nitre des 4 tours 
suivant sa teneur en inatn'res volatiles fes lours' sont done 
caracterisec'S ])aT la teiieui' en maticres \'olatdes (\\\ ('harbon ciu’elJes 
contiennent 

A la base d(‘ ces lours se troini-nt des soles tournante.S doseuses 
])erinettanl de dislnbiKM* le charbon sur des ( ourroies Cj et C., 
suivant un debit reglable a volonte On obtienl ainsi telle teneur 
hnale en matieres volatiles (|n(‘ Ton tlesin* et le charbon hni et homo- 
geiK' tombe dans la tosse V. 

La T'ealisation d’line teneur en matieres volatiks h\e et constante 
n'est ce[)endant pas la seule condition a laqiu'lle doit lepondre le 
charbon lini 11 faut aussi vaalltT a ce qu’il rej^ondc* au\ carac 
teristiques voulues relativ'ement a la t('neur en ceiidres, au\ di- 
meUvSions, au ]K)uvoir agglutinant (d a la fusibilile des cendres. 
Ainsi qiTil a ete dit plus haul, les cornmandes sont repaid i(\s caitre les 
diverses mines et les expeditions sont distribiiei's entn* U‘s 4 centrales 
de facon a ce que la moy(*nne des charbons y arrivanl donne les 
caracteristiqiu’s exigecs. 

11 faut done que. les wagons arnv'eiit aiix culbuteurs suivant une 
altcrnance dtHerminee qiii assun*, par jienctration des charges suc- 
cessives dans les tours T, le melange des charbons de diverses 
caracteristiques, de telle sorte que les charbons tombant des tours 
T sur les courroies C soient ideiitiques et n(‘ different tilus que par 
leiir teneur en matieres volatiles. C'est cidte alternance des wagons 
qui necessite leur triage prealable sur le faisceau des voies 
Ai, Ag, Ay el A^ 

Distribution ct inisc cn Aock. — Le charbon hni, dfwerse dans la 
fosse ¥, y est rejiris par une chaine a godets qui le deverse dans les 
3 tours distributriccs, Mj, Mg, My. C’est sous ces lours que pa.ssent, 
pour y ctre charges, les wagons a destination des lieux de consomma- 
tion. Si la production de charbon lini depasse momentan^ment le 
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d6bit des tours M, le charbon est repris de la fosse F par une chaine 
k godeti, conduit dans une tour D et debite dans des bcnncs auto- 
motrices qui suivent un circuit a b c d e f Ic long du pare de stockage. 
Ccs beimes se dcverhcnl automatiquement a Vexlrernitc d’un pont 
roulant P qui distribue Ic charbon rntdange dans Ic conipartimcnt 
qui lui est reserve an pare de stockage. 

Ce charbon nitdange pent ^dre re})ris du stock uUerieureincut par 
un grappin qui, a I'aide du portique I le depose sur un transporteur 
metalliquc N S aboutissant a la tour U, il’on le charbon est repris 
par une chaine a godets pour etre linalcMiK'nl rainene aux tours 
distributrices M. 

Lor.s(|ue le debit des culbutiuirs deqoasse Li j)rodu('tion des lours T, 
on lors(|n(‘ les arrivages de rune ou I'anlre qualite de[)assent les 
])r()j)orlions U'quises, il faut stocker ces charbons avaiit melange. 
A cet effet, le ])ar(; de stockage, qui a une eapacite totale de 20 a 
25 000 T, ('st divise ('U un grand nombre de cornpartiments torres- 
poiidant cliacun a une (jualile de charbon determinec Le charbon 
doit y el re condnil iinnieiluiteiiient apres culbutage sans passer par 
les lours T. L(\s d(‘ux ehaines a godets et le transportent 
on K d'ou les benm^s autoniotnces et le ])ont P \v de verson t dans le 
eoinparliinent (pii lui (‘st iCM'rve. L’unc on I'aulre des qualites 
ainsi stnekees est reprise on cas d(‘ besoin pai' le i)oiti(jue J, le 
trans])orteui N vS el la tour lb d’ou une chaine a godets la Londnil au 
soinme.t des tours T 

Le jiortique 1, on dehors du role (pi’il joue dans les cas de reprise au 
stock des charbons avant on apres mehangc*, const itue en outre un 
moyen de secours (]ui pent entrer en action lorsqiie J’uni' ou I’antre 
partie de rinstallation est nninobilisee pour repaiation r)u entretien, 
ou encore dans k‘S cas ou, voulant taire fact; a une augmentation des 
arrivages, on est ainene a forcer h* rendement du melaiigeur, T1 
pent servir, en elfct, coniine simple portique desservant un pare de 
stockage ordinaire. S’il s’agit de reprendre du inelang^b il peut 
deverser celui-ci direc tement dans le wagons destines aux lieux de 
consommation, sans passer jiar N S U M. Il peut aussi reprendre 
du non melange ct le deverser dans un wagon destine au culbuteur, 
sans que le charbon soit oblige de suivre le chemin N S IJ T. 

L’installation est done tres soiiple et ])ermct d’obtenir un charbon 
ties homogene et tres regulier. Les caracteristiqiies du charbon 
lini sont frequemineiit verifiecs, au cours de la journee, par des prises 
d’essai opcrecs a la sortie des courroies Ci Cg et analysees sur le 
champ dans un laboratoire annexe a rinstallation. 

Lc prix de revient actuel du melange, y cornpris les trais 
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d‘amortissement et d’interet et compte tenu des mises en stock et 
des rcpirises, est de 2170. La production des centrales de melange 
devant vraisemblablement augnienter dans I’avenir, ce prix ne 
pourra que diminucr. 

Cette depense est certainement infcrieure au benefice resultant de 
I’cmploi d’un cliarbon homogene, dc qualitc constante et repondant 
exactement aux caracteristiques optima fixces prcalablcment par 
des experiences dc laboratoire, des epreiives en chaudieres fixes de 
locomotives et des essais tres longs et ti es etendus sur des locomotives 
en service. L’economie dc combustible qui y correspond est d'un 
ordre dc grandeur qui depasse 5 pour cent; ce taux permettrait 
d'amortir I’installation en moins dc 3 ans. 

Mais le plus grand avantage que procure le melange pafi-fait resulte 
de cc que les mecaniciens et les chauffeurs, disposant to^jinirs d’un 
combustible de qualitc connue, n'eprouvenl aucunc Surprise et 
aucun mecompte en cours de route La rcgularite dans la marche 
des trains s’cri tiouvc amelioree, les methodes de chauffe peuvent 
^tre mieux etudiees, plus facilcment en.seignees au })ersoimel et plus 
rigoureusemeiit resjicctees; les foyers et les chaudieres out une 
puissance sur laquelle on peut compter a coup siir, ce qui permet de 
tirer un meilleur parti des moteurs. La premiere centrale de melange 
dc la Societe Nationale des chemins de ler beiges fonctionne dei)uis 
pre^s dc 3 ans et les rcsultats obtenus out repoiidu largemcnt a 
toutes les previsions. 

ApPAREILS DK MANLITENIION INSTALLES ATX INDROllS DE 
CONSOMMATION 

Depots pen imporlants . — Dans les depots de faible importance, le 
charbon menu provenant des centrales de melange est emmagasine 
dans des pares construits en be ton ou en vieillcs billes 11 en est 
de mtoe des charbons de fortes dimensions ne passant pas par le 
m61angeur. Quant aux briquettes, dies sont emmagasinees en tas 
aus.si reguliers que possible portanl indication, a la chaux blanche, 
du tonnage et dc Toriginc. Le dechargement des charbons menus 
et autres dans les pares, ainsi que leur rei)risc des pares, s’effectue 
au moyen dc grues automo trices vajieur actionnant des grappins 
jaug^s. La manutention des briquettes s'oiiere a la main. 

( Le choix des grues automotrices trouve son explication dans le 
fait que la manutention des charbons, nc parvcnant pas absorber 
d’une fa^on continue I'activitc des grues, cellcs-ci peuvent servir 
dans le depot k d 'autres usages, tels que le chargement des cendrees, 
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la manuteiition des matieres et objects pondereiix, le grappin etant 
remplace ^ar un crochet, etc. 

Depots de moyenne importance. — La gruc automotricc est ici 
rcmplacee, an chargement du moins, par line griie electrique fixe et 
pivotante. Les charbons et les briquettes sent charges dans des 
wagonnets conduits sous la grue qui les enlev^e ot les deverse dans 
les tenders. 

Depots imporlants.- - On fait ici usage d’estacades A pourvues d'un 
ascenceur l‘> et de culluitcurs C C (Fig. 3) Lc charbon menu a 
etc charge, aux centrales de melange, dans des wagons specialises 
qui possedent des fonds inclines vers les parois lalerales percees de 
trois treinies (Fig 4) et qui vieiment s’aligiier sur une voie V voisme 
de Testacadc. Sur un(‘ ])ctite voie v, parallele a la voie V, circulent 
des wagonnets qui, en stal ioiinement devaut les tiemies des wagons 



V V 

a,!.' .1 Fslucadc de chargcmcnl. 


specialises, soiit reinjihs de charbon et sont conduits alors, par 
I'interinediaire de l ascenceur B au .sominet de I’estacade. C'est de 
la qu'ils .sont culbutes en C C aii-dessus des ti'uders des locomotives 
en chargement sous I’cstacade. Ouant au\ briquettes, dies .sont 
chargees a la main dans les memes wagonnets dont les voies longent 
les tas de briquettes et, ('oiiduites au somniet de I’estacade, .sont 
culbutees dans les teiidius comme les charbons. 

De telles installations paraissent assez rudimentancs, a premitVe 
vue du moins. Files donneiit cependaiit des jirix de revient 
extreineinent has 

Fm matieic de clnaigemeiit de locomotives, en elfet, le pri.x de 
revient de la maniiteiitioii d une tonne de charbon comprend, outre 
les jiostes habituels ciimmuns .i toiite inHiuitention, les fiais de 
stationiiemenl des locomotives et de leur personnel pendant les 
operations de ( hargemeiil. ( es dennei'^ frais .sont particiilierement 
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eleves. Uii rescan de chemin dc fer chcrche toujours, par tous Ics 
moyciis, a augincntcr le parcours journalicr dc ses locomotives et 
de son personnel roulant dans Ic but dc diminucr I'cdcctif des loco- 
motives et du personnel necessaires ct de rednin' les consominations 
de combiistil)jes, les depcnses d’entretien et de re])aration des 
locomotives, ainsi quo I’lmportanc'e des installations des depots, 
la nVliiction des stationnc'ineiits des locomotives dans Icis di'qidts cst 
done un faetcnir impeutant creconomie et e'est pour c etle raison (|ue 
ri'staeade, peiiiKdlanl un cliargement tn-s lapide dt‘S locTiinotives 


\ 

1 



1*1^ 4 Wu^diis sptcialilcs tl(>s(i\.eii Its tsi.itiults 


[)ar les petils ba^caileiirs (' (', ])eiinet (ratleindre Im.ilcunenl des prix 
de revient tie s laililcs 

II faul noter, aii siirj)lus, ciue la (reqnenee des t lini geiiK'iits est ties 
variable* dans !(* coins d’uiK* ]ournee A (eriaiiu's lieuies, les loco- 
motives s(i snccedenl de pn\s el il iniporte (jiie le cliargeiiK'iit dc*s 
prcmi(*r(‘s nc ]iro\'oc|ii(‘ ])as des atlc'iites prolong, c's d(*s locomolivcs 
qni suivent Ire's freciuc'jnmc-nt, le ( alcnl dc* la duoM* du ciiargeinent 
qui doit servir a la determination du pn\ dc revient, s’aiigmente 
ainsi de cci tains dcdais d’altenlc. Oi, I’c'stacade, largcment coiiQiie 
en surface, a ]n] einniagasiiier a I'cHage un noinbu* c'U've dc* wagonnets 
pendant le s pc'riodes calnie.s de la jouriiee. dc* sortc* cpi aiix lieiires 
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de prc^e, les wagonnets pleins peuvent 6tre avances avec grande 
rapiditi sur les culbutenrs. 

II est intcressant de remarqucr aussi que, contraircmcnt a ce quL 
se passe dans beaiicoiip d’installations a fontionnemeiit irn'^gulier, 
ou le personnel est mal utilise aux periodcs d’accalmic, les agents 
d’une estacade travailleiit avec un excellent rendeinent' aux heures 
peu chargees, ils constituent la reserve de wagonnets pleins au 
sommet de I’estacade et, aux moments des chargements, ils 
abandonnent 1' alimentation de I’estacade et se consacrent 
entierement au ciilbutage. 



Depots trh impvriants . — La Fig. 5 re])resente le schema de tous 
les chargements utilises dans les depots tres importants. Les wagons 
specialises utilises dans ce cas s’ouvrcnt lateralcment et sc vident 
instantanement dans une fosse F d’ou le charbon est lepris par une 
chaine a godets qui le conduit dans des tniirs dislributriccs 
M 2 M Le chargement est egalement tres rapide, mais V installation 

465 





SOLID LULLS- STORAGE AND HANDLING 

est plus cou tease et ne })cut ^itre amortie avec avantage qu’avcc de 
forts debits 

A ces tours est accolee une estacade pour le chargement des 
briquettes. 

Achats des charbons; conditions techniques 
('conditions f^^Oicralc^.-- Les conditions techniques imposees jiour 
les diverses categories de charbons fournis aux cheinins de fer par 
les charboiniages beiges hxenl notamment Jes dimensions des 
charbons a fournir, la limite inferieure el sujierieurc de la teneiir 
en matieres volatiles, la (emperalure de fusibilite deS cendres, la 
teneur en suufre et, eveiiluelleinent, le pouvoir agglutinant vt la 
friabihle ^ 

I^oitvoir ol/(ua//^//n^ — Aucunc eondilion precise ii'esl gdjneraleinent 
impost^' relativement au pouvoir caloiTtuiiu*, an jxnivoir (le \'iq)orisa- 
tion, a la leiKHir en ( cndia^s et a la teneur en eau. 

Ces ( K'mcnls sont eependant eeu\ (pii ])ieoccu})ent le ])lus le ron- 
sommateur d(' (diarlion et le n'seaii d(‘s cliemins de ter beiges est 
loin d'c'ii meconnaitre la valeur 

II estinie toutefois cjn'il est jieu jiratique d'linjioser des conditions 
fixes a ces divers ] mints de vue an moment de la commande 
Ainsi (pi'on le verra jiliis loin, les cheinins de fer bf‘lges disjmscnt 
de plusieurs lalmratoires de (Combustibles parmi k'scjiiels existe, 
a Bruxelles, un laluiratoin* central qui est. av.int tout, un laboratoirc 
d’tHude et de ('ontiVile ('e laboratoirc perrnet d’efh^ctuer les 
analyses gen('’ral(*ment usitees pour la rh'terniination des divers 
caracte'-res des combustibles el disjiose, en on in*, de chaudic^Tes 
fixes de locomotives de tvpes diifiTc-nts muiiies d'ajipari'ils de 
mesiire et perinettant d'efh'ctuer des essais de vaporisation cornplets 
C'est dans ce laboratoirc que Ton etudie av(‘c soin la nature, la 
valeur, les diverses partK iilaritt's d(\s combustibles des noinbreuses 
origines, mines et bassins lK‘lges et etraiigers susi ejitibles d’alimenter 
les chemins de h’r Imlges. Ce laboratoirc central deti“rinine le 
pouvoir calonli(]Ue des combustibles a la bombe calOriincHrique et 
le ('onsid(jre commi* une carac t('*ristique propre au coinbustibh*, 
caract (hist i( pie (pi'il d(‘gagi‘ de toute influence due a la teneur en 
cendn's, a l ean ou a tout autie (dement suscej)tible dh'tre a])pivci(^ 
par d’autn's moyens Le pouvoir calorilicpK' conserve ainsi toute .sa 
valeur relative et perrnet de com jiana avec certitude diverses origines 
de combustibles Le ])Ouvoir I'alorifique determiiK'- ave(' ])lus on 
moins de certitudf* et de pn'cision par les inethodes liabituelles et 
fortement influen((' d’ailleurs ])ar les teneiirs en cendres, lu* pent 
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avoir de signification absolue et ne pent scrvir a caracteriser une 
hyraiso^P. Telle est la raison pour laquelle les chemins dc fcr beiges 
s’abstiennent d’imposcr cette caracUnistique lors des cominandes 
ou de la verifier lors des fournitures. 

Pouvoir dc vapOYisaiwn . — La pouvoir de vaporisation aiirait une 
signification bicn plus vague encore, car, meme lorsquo I’essai est 
effectue en chaudiere jixe de locomotive dans des conditions bien 
determinees, il depend d’un ties grand nombre de lacteurs absolu- 
ment etrangers a la valeur du combustible et, nolarninent, pour ne 
citer que cpielqiies-uns de ccs facleurs; 1' du type de foyer clioisi; 
2' du regime de combustion, 3’ du litre de la vapeur, si diJlicile a 
mesurer; 4"; de I’etat dc proprete de la chaudiere; 5 \ de Telat de 
proprete des tubes, 6"’. dc I’etat de la grille, du tirage; 8 ’: de la 
capacite de ro])erateur; 9'-. de la valeur des apjKueils et de I’approxi- 
mation des mesures, 10'\ de la capacite du chautfeur 
En ce qui conceriK^ ce dernier facLeui d’inllucnce, il est interessauL 
de signaler qu’a roccasion d’un concours de chaufieurs,’ les 
rcsullats obtenus par le premier et le dernier chauffeur du classement 
presen taient un ecart de 43 ])our cent. Ces ( hauffeiirs travaillaient 
ceiiendant dans des conditions idcntupies et disposaient du meme 
charbon 

Et si I’essai de vaporisation s’effectue sur la route, il faut ajouter a 
ces nornbreuses causes d'erreurs ctdles qui resulteiit de la variabilite 
des conditions dc remorque des convois et celles aiissi qui sont la 
consequence des difficultes multiples que Ton rencontre a vouloir 
effect uer des mesures tres precises sur la locomotive en service. 

Le ]iouvoir de vatiorisalion ne pent done caracteriser, memo 
approximativement, un combustible determine 
Teneurs cn tendres ct cn caze -La \aleur exacte d’un combustible 
dcHermine, provenant d’une originc connue, combustible qui a 
ete ctudic par le laboratoirc central et par le service courant et qui 
repond a des conditions bicn precises definies ci-dessus sous la 
rubrique “Conditions geiieralcs, ' ne pent plus dependre que de sa 
tencur en cendres ct de sa teneur en eau 
Kappelons tout d'abord que, dans les locomotives, une teneur trop 
clevee en cendres ne diminue pas seulcment la valeur caloritique du 
charbon et le rendement de la combustion, ainsi (jne cela se passe 
dans Loute chaudiere fixe, mais qu clle occasionne ici d’autres pertes 
tr^s importantes Elle diminue la pinssance des locomotives, elle 
reduit les possibilities des parcours sans arrets prolonges— d’ou 
resulte un affaiblissement du rendement de I’effectif locomotives— et, 
^ Lors dc rpxpositinn dc Li6^c on IDOf) 
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enfin, die augmente les chances d’incidents de la route dus a des 
defauts de pression. 

Les chemins dc fer beiges imposaieiit autrefois une teneur limite 
en cendres lors de ses commandes de charbon. Or, parmi divers 
charbons qu’il s'agit d'acheter et qui repondent tous a la condition 
de la teneur limite, certains d’entre eux restcnt en dessous de cette 
teneur ct, ])artaiit, out une valeiir supcrieure. La lixation d'une 
teneur limite fausse done la comparaison des pnx de combustibles 
analogues. An surplus, la rigucur avec laquelle I’acheteur exige le 
respect de la limite garantie expose a des rel)ut.s et des discussions 
qui contrarieiit rapprovisionnement regulior et nuisent aux tracta- 
tions ulterieures 

L’extension prise en liclgique dans ces dernieres annecs par 
I’abatage mecaiiique a d'ailleurs accentue les differences existant 
dans les teneur.^ en cendres des charbons menus par I'introdnction 
d’une proportion importante de charbons laves on mi-laves. 

Ces charbons laves preseutent d’ailleurs cette jiarticularite 
d’accentuor I’innuence de la teneur en eau sur la valeur des divers 
cha.“bons d’une mOne catt'gone fournis autrefois an merne prix 

C’cst pour tenir conijite, aussi exacteinent que possible, de I'lrn- 
portance de ces deux elements, teneur en cendres et teneur en eau, 
que les chemins de fer hedges out cesse, dc‘puis quelf]ues annees, 
d’acheter les charbons a ])rix fixe et passent actuellement des 
marches d’apres lesquels Ic prix des fournitures est determine 
apres livraison 

Le prix discute avant la conclusion d’uii marchc est celui d’un 
charbon dehni par les conditions generalcs speciliees ci-dcssus et 
repondaiit notamment a une teneur on matieres volatiles situee 
entre des hniites bien determineos Ce prix n'est qu’un prix de 
base; c’cst celui qui correspond a un combustible a teneur fixe en 
cendres et en eau. C/est ainsi quo, pour les menus, ces teneurs 
sont respectivement de 12 pour cent ct de 5 piour cent. Pour les 
briquettes, elles sont de 9-10 pour cent ct de 5 pour cent. 

T.e prix final de la fourniturc dependra des teneurs reelles rclcvecs 
dans le combustible an moment de la livraison et sera obtenu par 
application de I'echelle suivante: par pour cent de cendres au-dessus 
ou en-dessous du point dc depart, le prix de base subit une diminu- 
tion ou une augmentation de 2,5 pour cent; par pour cent d’eau 
au-dessus de 5 pour cent, le prix sera diminue dc I pour cent, sans 
qu'il puisse 6tre augmente dans le cas ou la teneur serait inf6rieurc 
a 5 pour cent. Au-dela dc 17 pour cent de cendres, le taux de 
diminution s’cleve k 3 j)our cent au lieu de 2,5 pour cent. 
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Une teneur liinite supcricure, aii-dela de laquellc la marrhandise 
est rebuke, est neaninoins imposce pour tous les combustibles, mais 
elle est ctablie de telle sortc que le rebut no s’impose quo trcs 
rarement. Cette limile est do 20 pour cent pour les menus et de 
12 pour cent pour les briquettes, be fournisscur est done libre de 
fournir telle teneur en eendres qui lui convient. Toutefois, I’erhelle 
de variation de pri\ le conduit a livier du cliarbon aussi propre que 
possible. Actuellcincnt, le charbon moyen a une teneur en eendres 
situee entre 12 pour cent el 13 pour cent. 

LAliORATOIRKS 

En dehors des petits laboratoires auiie\(S iuik centrales de nu lanf^e, 
le rc\seau des chemins de f(T dispose de 4 laboratoires specialises 
pour I’analvse des ('ombustibles Trois d’enlre eiix, installes an 
c<eur ine'inc* des bassiiis (liarbonniers, a Liege, Charleroi et Mons, 
limitcnt leurs operations a la determination des teneurs en eisidit's 
et en eau des eoml)ustibk*s ]K)ur locomotives (‘t de la teneur en 
matieres volatiles pour les combust ililes speciaux a divers usages 
foiirnis aux chemins de for 

Le laboratoire ec'iitral, mstalle a Schaerbeek (pres I)rll^elle^) est 
oiitille de fa^on a jxuivoir effectuer toutes les analvses, essais et 
experienc.es qni mten'ssenl les etanbustibles 
Ce laboratoire est tout d'abord un laboiatoire d’etudes. Les I'tartu u~ 
larites des provenances de^ uombreiix bassins beiges et europeitns, 
de leurs mines, de leurs sieges, sont determinees complelemcnt dans 
le but de constituei la documentation indispensable a quiconque 
veut conclurc a tout invunent les achats les plus avantageux en 
tenant comptc de I'aHure des divers inarches europeens. 

Cc laboratoire etiidie aussi les modalites dv, la combustion dans tou.s 
les types de foyer utilises par les chemins de fer, apprecie leurs reiide- 
ments, rintluence des divers facteurs relatifs a leurs dimensions, 
a la depression, aux systemes de grilles, etc. 

Enfin, il etablit, pour le cas particulier du rexseau beige, les multiples 
lois dhnfluence des teneurs en matieres volatiles, en eendres, en eau, 
de la composition des charbons en dimensions, du pouvoir aggluti- 
nant etc. 

Et c’esl ainsi que ce laboratoire parviendra a determiner les condi- 
tions optima auxc]uelles doivent repoiidre les combustibles que Ton 
doit acheter ainsi que les melanges et les regimes de combustion 
qui doivent ^tre realisc's dans tel type de foyer ou pour telle 
remorque detcrminec. 
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En dehors de ces travaux, le labor atoire central effect ue de 
nombreuses analyses courantes joumalicres comme on le verra 
ci-apres. 

RECEPTIONS 

Conditions CENiiRALES 

Les conditions gcntTales sont verificcs par des analyses cffectuees 
dans le laboratoire central de Schacrbeek siir des wagons provenant 
des charbonnages, designes par la Direction des chcmins de fer 
a I'insu des agents receptionnaires. 

Determination des teneuks en ( endres et j*:n eau 

PrelevemeJit des echantillons. — Le nombre de foui^isseurs est de 
quatre-vingt-dix environ, et Ics fournitures sont presqiie journalieres. 
Les prelevements des echantillons sont effcctues pat une cinquan- 
taine d’agcnts. Ces receptionnaires sont des mecaniciens de loco- 
motives dtHaches period iquement a ce service. On a estime qu'il 
6tait avaiitagcux de faire effcctuer ces operations par ceux-la 
m^mes que la qualite des combustibles interessc le plus directement. 

Lc prole vement contradictoire des echantillons s'effectue dans les 
charbonnages sur les wagons fournis. II s'opere d'une fagon 
identique dans tout le reseau, suivant des regies qui out ete definies 
jusque dans leurs moindres details et dont on exige une application 
meticuleuse. C’est ainsi que Toutillage: sondes, broyeurs, tamis, 
etc., est completement standardise. Sur le verso du rapport 
joumalier du receptionnaire son! imprimes une serie de rectangles 
represent ant les wagons en j)lan ct sur chacun desquels sont indiques 
a I'avance les endroits du wagon ou la sonde pent 6trc plongce. Le 
receptionnaire a pour obligation d’indiquer sur ces rectangles les N 
des wagons qui sont fournis cc jour-li en marquant k la plume, sur 
chacun d'eux, les endroits ou il a plongc sa sonde. Cette prescrip- 
tion a pour objet de permettre un contrdle ulterieur — la sonde 
ayant laisse sa trace — et de rapi)cler aussi chaque jour h I'agent 
receptionnaire quels sont les endroits bien precis du wagon ou 
rcchantillon doit Otre prelcve. Le nombre total de coups de sonde 
doit 6tre de 8 au moins par fourniturc journaliere, mOme si celle-ci 
ne comporte qu’un wagon, avec un minimum de 2 coups de sonde 
par wagon. 

L'ensemble des contenus des sondes est reduit par broyage et 
tamisage a 4 petits echantillons mis en flacons dont les destinations 
sont les suivantes; un echantillon reste sur place k la disposition du 
fournisseur, deux autres sont expedicJfs dans Tun ou T autre des 
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3 laborat^ires rogionaux, le quatrieme est envoye au laboratoire 
central. 

Extra its des cahieys dcs charges- Chacun dc cos cchanlillons sera 
place dans un rccipi(*nt scclle par un double plomb, I’un portant la 
marque de 1' agent do I’bLtat, Taiitre, cello du dclt'giie du foiirnisseur. 

Prealablemciit au broyage, Tagenl de I'Etat aura prel(;\v rlans le 
medango Je memo nombre d’oclianlillons frai.s qui, jdaces immediate- 
menl dans des flacons a fermetiire liermetiquo et sf'olJes au moyen du 
double plomb ou du doulde (‘achet, auront les destinations qui 
vaenncnl d’etre indiquoes pour les erbantillons secs. 

Ces ecliantillons doivenl ser\ar a determiner le ])ourcentage de 
cendres et d’eau de la fonrniture et a faire rapplication des penalites 
ct des primes. 

Cette double determination s’etfectuera au laboratoire regional le 
leiulcmain du jour de la prise des ec.hantiilons. 

Le lourriisseur ou son delegiie ^cra autorise a assister a eetti* opera- 
tion. Le proces-\’erbal de I'analyse, que celle-ci ait etc ou non 
contradicloir(‘, parviendra au fcairnisseur au plus tard le troisieme 
jour qui suit la date de founntun*, les jours ferit\s legau\ n’etant pa-S 
comptes S’ll n'en accepte ])as les ivsultats, il devra faire parv’enir 
sa reclamation j)ar Udtre recommandet', adressee au fonetionnaire 
dirigeant le laboratoire regional dont il releve dans un delai d(‘ 
trois jours prenant cours a la date de reception du jiroces- verbal 
t d'analyse Uiu; nouvelle analy.se sera effectuee an laboratoire 
regional le leiidemain du jour d'envoi de la lettre de leelamation. 

Cette seconde analyse ne s’effectuera que si k' foiirnisseur on son 
didegue se fire.sente au laboratoire jiour y assister. 

Les resultats de la seconde analyse seront consideres coinine 
definitifs. 

Si le foiirnisseur ne reclame jias apres recejition des resultats de 
la premiere analy.se, ou si la lettre dc reclamation n’est j)as expediee 
dans les delais prevus ci-ilessus, il sena cense avoir admis coinme 
exacts les resultats de cette analy.se. 

Lorsque le taux des cendres unpliqueia le rebut, les e\'])editions 
, deja faites seront considerees comine acceptees, mais I’echelle des 
penalites prevue ci-dessus sera appliquee a ces expeditions. 

Si un cas de force majeure rendait imyiossible ranalyse d’nne fourni- 
lure de combiisl ible, il serait fait application a celle-ci de la moyenne 
des faux obtenus dans le.s trois analy.ses jirecedentes des fournitures 
de rneme categorii' 

Si les resultats d’analyses donnaient des chiffres egaux ou sujierit'urs 
a 20 pour cent pendant cinq recejitions consecutives on pendant plus 
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du tiers des receptions du mois, la mise en tas serait prescrite et 
]cs analyses ordinaires suspendues. I.es tas seraient ensuite analyses, 
acceptes avec pcnalites on rebates jusqu’au jour ou la mise en tas 
serait levee ct ou le regime ordinaire recommeiicerait. 

Si le nombre de resultats egaux ou superieurs a vingt etait inferieur 
a CCS limites, les wagons seraient forcement acceptes puisque leur 
expedition aurait eii lieu, mais il serait tenu compte de leur teneur en 
cendres dans retablissement de la moyenne rnensuelle. Ouelqu' 
elevee quo soil celle-ci, il lui sera fait application de la ivgle fixee 
ci-dessus. 

I. ’importance des tas ne depassera pas 10 pour cept de la fourniture 
rnensuelle. ^ \ 

Dcicrmiuation des pnx . — Les analyses effectuees tons les jours sur 
chacjiie fourniture dans les laboraloires regionaux\])ermettent, jxir 
application de reclielle de variation des prix, di determiner les 
2 coelticients qiii, ])ai leur produit, doiineront le coefficient final 
affectant le pnx de la fourniture effectiiee ce memo jour. 

ro;//;'e/t*.-“-Les operations de ])relevemeiit des ecliantillons sont 
surveillees par iin msi:»ecteur qui conimande un groujDe de recep- 
tionnaiies. 

Idkvs son I soumises (‘ii outre a un cunt role constant par le moyen 
suivant Un eertain nombre de wagons sont designes journeilcmeiit 
par la direction des eliemins de f(!r jiour el re expedies au laboratoire 
central qui procede a d(‘ noiivclles prises (reehantillons sur ces memes 
wagons, ce qui perinet de con Iron ter les resultats obtenus par les 
analyses de ces ecliantillons avec deux des ecliantillons des recep- 
tioiinaires L'organisation cHablie ne jiermet auciine relation entre 
ces receptiomiaires vt le laboratoire. 

Ouant aiix analyses des laboratoires regionaux, (dies sont con- 
front(^‘es avec relies effect U(.'*es sur le 4 (kli anti lion envoy e au 
laboratoire central 

Apprcciai'ion dc la ialeiir de la niclliodc , — Ce n'gime fonctionne 
dejiuis plusieurs aniu'-es ct a doiiiK* enti<'*re satisfaction, tant au 
fournisseur qu'a I’aelieteiir. Charun, en effet, y trouve son compte: 
le piLinier, jiarce que ses produils .sont payi's i\ leur juste valour, le 
second, parce (jue, tout d'abord, la iirime relativement (Elevee de 
2,5 pour cent incite ses fournisseurs a lui livrer des charbons de plus 
en plus jiropros et, ensuite, parce quo les contrats d'achats qu’il 
doit passer avec la presque total! te des mines beiges pour des 
vari(*ti(js multiples de combustibles sont conclus avec aisance. Un 
grand nombre de combustibles sont rang('*s dans unc mtoe cate- 
goric jiour laquelle seul un prix de base unique cst discutt^ et arrfite 
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le prix effcctivement paye dependant uniqucment des resultats 
d' analyses effectuees ultcrieurement. 

On pourrait ^dre tente do reproclier a ce sysleme le danger ou tout 
au moins la difficultc qu’il parait y avoir a laire dependre dc resultats 
d' analyses un prix dc ventc de charboiis, alors quo ces analyses ct 
surtout les prises d’e^hantillons, ne peuvent puHcndre, coimne 
chacun sait, qu’a uno aj)proxiination assez relative. Mais il faut 
tenir compte du grand nombre de coups de sonde elfeetues sur 
chaque founiiture. Plus de mille coups de sonde sont donnes 
journellemcnt pour tout le reseau. On coinprend aiseinent que, 
pour un inline charbonnage foiirnissaiit du chaibon aux clieinins 
de fer d’une fac;on continue pendant des anneeSj il s'etablit sur ces 
grands nonibres une moyenne qui doit representer piLitiquement 
la tencur moyenne exacte. 

On pourrait croire aussi que cette organisation si coiniilete et si 
meticuleusement reglementee presente des complications, de la 
lourdeur et, fmalement, coute cher. Au moment ou cette methode 
nouvelle a etc mise en application, le supplement dc depenses qui 
devait cn resulter vis-ci-vis des frais que comportaiL le systeme 
ordinaire dc reception, a ete chilfre exactement. Ce supplement, 
ramene aux taux actuels dl^s salaires ct des matieres, est de 0117 
par tonne, ('ette sornme, d’un ordre dc grandeur generalciinent 
'^injiris entre 1 et 2 pour mille du la valcur du charbon, est done 
.^sigmtiantc. 

< LIST ()!• liXPKK'l S 

Joan Lfb.iLM]/, DiiciUnii (•oih'imI doii Mino.s, lb, nio i>uiinard, lb iixi lli's. 

M Herman ('apiau, Dirocloiir (b'lKT.il do la iM^loiation des Asso('iritif)n'; 
charbonniiMos dr liolj^iqiio, 2, Idaoo Ku\Mlr, Biuxollos 

M. .\lo\andri* Dolmor, Socrolairo (ionoral du IMiinslorc drs 'lra\aux Lublu.'^, 
38, ruo dc Louvain, I’jinxollos 

KLSUML 

The Belgian railways u-^o in then loLoinolivos a largr propoitiun ol small coals 
which abound in Belgium, and a small quantity ot briqurltcs and sciceiiod 
coal 

These small coals bom IWgian minos show a groat variety as regards i]uahtv. 
The Belgian railways arc obligeil to purthaso about two Imndrcd ditterent 
varieties of coal which have to be distributed to about one hundiod points of 
consumption Having first defcnniiicd the chiot characteristics which are 
necessary for a locomotive fuel, the numerous varieties are ordered in proportion 
to the desired final mixture. 

These different fuels have to be mixed very caretully. Owing to the large 
variety in the quality of the coal, and the numerous points of utilisation, it 
is impossible to provide each of these points with a mixing plant The Belgian 
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railways have, therefore, bui-lt four large central stations for mixing and 
grading, where the coal after being received from the mines is forwqrded when 
blended to the various coaling stations. 

In the small depots the coal is discharged by means ot either fixed or traixlling 
cranes In the larger stations overhead discharging platforms oi storage 
hoppers are used, the coal being conveyed from the mixing plant in special 
trucks 

The Belgian railways have a special agreement uith the mines, whereby the 
price of the coal is governed by a sliding scale based on the ash and inoislure 
content of the coal as sampled when despatched 

The Fuel Control Section of the railways has lour laboratories. One central 
laboratory for general research work and fuel control on arrnal, and three 
regional laboratories situated near the mines lor daily analyses in order to 
determine the price of the fuel as despatched eacli day 
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ADMIRALTY COAL 
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CONTENTS 

TRANS FORT OF C OAL FROM BOKIT ASAM COLLIERIES TO KERTAPATI 

QUALITY OF COAL — MECHANICAL HANDLING OF COAL AND LOADING OF 
SHU’S-" COAL EXTORTED AND AVAILABLE MARKETS— CONCLUSION — 
/AIS AM MENF ASSLINC.; 

Kc’iiapati, the lerminus of the South Sumatra Railways, 
is situated on the right-hand side of the river Musi, opposite to 
Palemhang. Tlic teniiiiius of the railway could not be made on 
the Palemhang side of the river owing to the high cost of building 
a bridge. 

The coal from the Hukit Asam Collieries is transported by rail- 
way to Kertajiati for shipment (distance 165 Kin.) ; the tonnage 
to be shii)])cd will be 250^000 to 300,000 m this and succeeding 
\ears, but with the develojnncnt of the mine this will increase to 
aboui 500,000 tons. 

Until 1S^25, the coal was transported in wooden-sided dumping 
cars of a net capacity of 10 tons each. There cars were unloaded 
into the ship from a height of 15 to 20 metres ; if there was no ship, 
they were unloaded on to the ground to be loaded again by hand, 
when a ship came. This double manipulation was very costly, and 
the bunkering capacity was limited to 800 tons per day. 

In addition, there was much breakage of the coal. The Bukit 
Asam coal, which is sold under the trade name Leniatang 
Admiralt} coal, is a tertiary coal which has been improved by 
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volcanic action. The quality is very good, about 7,500 to 8,000 
calories per kilogram ; but owing to the peculiar process T)y which 
it is formed, the coal is rather brittle, and the highest quality of 
8,500 calories per kilogram and over is too fragile to be sold as 
lump coal. 

At the colliery the coal is screened, and the slack coal is shipped 
to Java, where it is briquetted in a briquetting plant at Tandjoeng 
Priok. 

To overcome the difficulties, vie., (1) high costs; (2) limited 
bunkering capacity; (3) handling of brittle coal, a new mechanical 
coal-handling plant was projected in 1925. This plant has been 
completed since 1927 and will be in full action in 1928. \ 

At the mine the coal is screened, and Iin means of a conveyor 
It IS loaded into the railroad car. This car consists of four 
open buckets placed on a four-wheel truck. Each bucket has a 
hinged opening, and carries 0 tons, the weight of a loaded car 
being 38.5 tons. The coal is lirought to Kertapati in trains of 
twent}' cars, and if lliere is no ship the cars are discharged by a 
crane, which lifts the buckets from the truck. 

The buckets are raised level with the top of the coal inle and 
opened, and in this way the coal is crushed very little. There are 
three piles of coal, A, B, and C; the outer ones, A and C, 13 metres 
wide, and the middle one 20 metres ; they arc all 250 metres long. 
The storage capacity is 30,(X)0 tons. The cranes, running on 
tracks alongside the piles, are capable of discharging the cars at 
the rate of 2(X) Ions an hour. Thus, one train of twenty cars or 480 
ton^ of coal is unloaded in less than an hour and a quarter when 
working with two cranes. 

There are five cranes, of which one is in reserve. 

When there is a ship to be coaled the stored coal is loaded into 
the cars by means of a Brownhoist bucket attached to the crane, 
the capacity being 3 ton.s, half of that of a car bucket, the loading 
capacity thus being 100 tons an hour for one crane. 

All the tracks of the cranes are linked by switches, so that it is 
possible to have all the cranes working on one pile. 

The loaded cars are then shunted along the riverside to be 
dumped in the ship. 

Owing to the swampy ground it was too expensive to construct 
cranes running on bridges for loading the ships, it being necessary 
to build them on concrete pontoons. 
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The shunting along the wharf will be done by electric capstans. 

Before ^entering the tracks along the wharf the cars are weighed, 
and the empty cars can be weighed at the other end. Near the 
scales are capstans to handle the cars. 

The pontoons lie between the quay and the mooring posts. They 
are 20 metres long and 10 metres wide, the deptli being 2 metres. 

The working radius of the cranes is 16 metres, the height 22 
metres above the surface of the water. Ships that draw 6 40 
metres can be coaled and the capacity is 150 tons for one crane 
per hour. All cranes are steam driven 

For the year 1928 there is a guaranteed lale of 1,500 tons per 
working day of twelve houi's. 

Until now it has only been possible to load ships of 2,500 tons, 
as larger ships have difficulty iii entering the Musi at low tide, 
owing to the presence of a bar at the mouth of this river. 

In 1927, work was begun to improve this, so that shi{)s which 
draw 21 ft can enter daily on high tide, and with 24 ft. draught 
some days a w eek, so that ships of 5,0(K) tons can load and bunker 
at Kertapati. 

Part of the coal is shipped to Javan harbours and Sabaiig, but 
an increasing portion is exported. The nearest market is Singa- 
pore, at a distance of 300 miles along well-sheltered sea tracts. 
Moreover, Keriapati is by far the nearest coal exporting harbour 
to Singapore. 

The export to Saigon is also increasing. The distance to the 
nearest coal markets is given below ; — 


Kertapati-Penang 
,, Singapore 

,, P>angkok 

„ Saigon 

,, Hong Kong 


680 miles. 
300 miles. 
1 ,130 miles 
870 miles. 
1,700 miles. 


The coal is of a superior quality, having a low percentage of ash 
(2 per cent.). The percentage of volatile matter is 30 to 35 per 
cent., which makes the coal especially goijd as a steam coal. A small 
portion of the slack coal is now used in ships having underfeed 
stokers with moving grates, but the bulk is used in the briquetting 
plant at Tandjoeng Priok. The briquettes are a high-grade 
railway fuel, while a selected grade with more than 8,500 calories 
is used on destroyers. 
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Conclusion 

1. The iiLstallation at Kerlapati makes it possible to load ships at 
hi^h speed and with little damage to the coal. 

2. The handling being entirely mechanical, the work is practic- 
all}’ independent of shortage of labour. 

3. Witli further developments of the Bukit Asam Collieries there 
will be an increasing tonnage of excellent coal available for export. 

4. The natural export market for this coal is Singapore, but for 
the other harbours in the Far Fast Kerlapati is also favourably 
situated as regards the distance. 

ZUSAMMKNFASSUNG \ 

Kerlapati ist die Knd.station der Siid~Sumatra Eisenbahn Die Kohlenabfuhr 
betragt 250 000-300 000 t jahrlich mid soli bis aiil 500 000 t jahrlich slcigen 
Die Verladuiig geschielit aii&schliesslicli meclianisch. 

Die Kohleii werden an der Grubc in Wagen mil 4 Kubcln von je G t Tnhalt 
geladcn iind in Zugen von 20 Wagen iiber einen Abstand von 165 km nach 
Kertapati transportiert. Hier werden die Kubcl mittcls 5 Landkraiien entleert, 
wobei die Kolilen sehr wenig beschadigt werden Jeder Kran verwerkt 
stundlich 200 t. Ist eiii Schiff zur Ladung angekommen, so werden die Kiibel 
mittcls Greifcrn von 3 t Inliall gefullt, die gefullten Wagen werden nach 
dem Kai raugiertund die Kubel durch zwei Pontonkranen in das Sc hilf entleert 
(die stundliche I.eistiing belragt 150 t je Kran). Alle Krancn werden mit 
Damp! betneben. 

Fur 1928 wurde einc Verladung von I 500 t taglicdi gaiantiert. 

Bis heute konnen Schiffe bis 2 500 Tcninen vcrladen werden, nach Verbesse- 
rung der Flussmundung solehe bis 5 000 Tonnen Die Kolilen sind von vor- 
ziiglicher Qnalitat. Fin stets zunehniender Tcil wild nach Singapore und 
Saigon exportiert. Der grosste Tcil gcht bi.s jetzt nach Sabang und Java- 
Hafen. Die Feinkohle wird in Tandjoeng-Pnok brikettiert. 


478 



STOR’AGE, HANDLING AND TRANSPORT OF 
OMBILIN COAL AT EMMAHAVEN 


DTITGII EAST INDIAN NATIONAL ( OMMITTEE 
WORLD POWER rONEERKN( ]■: 

D. ALT-EMANI) 


Paper No. D?> 

( ONTi:\'TS 

CONSUMP'IION or OMBILIN COAI -METHODS OP S I ORAOE— TYPES 
OF WAGONS USED — METHODS OF BUNKKRIN(i USED FOR SHIPS HAVING 
LARGE IIAT( IIES ACCESSIBLE FROM ABOVE, SHIPS HAVING LARGE 
HATCHES ACCESSIBLE FROM THE SIDES, SHIPS HAVING SMALL HATCHES 
IN TIIF GAFLERIKS -TRANSPORT OF COAL BY AFHITAL ROPF'.-WAY TO 
THF. ( EMENT WORKS ZUSAMMENFASSUNG 

Introduction 

The Ombilin coalfiolcls are situated at 55 Km. distance from 
Emmaliaven, on the West Coast of Sumatra, behind the Barissan 
Mountains, in a region wdthout apiireciable possibility of selling 
the coal. The annual coal production amounts to about 500,000 
metric tons on an average. Apart from the small ciiiantity of coal 
directly supplied to the State Railway, almost the entire pro- 
duction has to be transiiorted to the harbour at iLinmahaven To 
this end a railway is provided having a length of 156 Km., the 
track gauge being 1 in Part of the track is oi the toothed 
rack type. 

Consumption of Ombilin coal may be classified as follows, in 
percentages of the total production. 

10 per cent, is consumed by the State KailwTiy, 

20 per cent, is taken by ships as bunker coal, 

60 per cent, is taken by ships as cargo coal and transported 
to other harbours all over the Archipelago. 

10 per cent, is supplied to the cement works at Padang. 

The long railway track on the one hand, the irregularity of intervals 
between the arrivals of ships at Emniahaven on the other hand, 
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necessitate storage houses of large capacity near the harbour. To 
prevent ciushing or pounding the coal is stored in roofed buildings 
or coal sheds at Emmahaven 

Coal Storage Houses 

Fig. 1 is a general view of these storage houses showing their 
arrangement and situation. They arc situated in a small valley, 
and their exact place has been chosen so as to minimise the total 
length of inclined planes to be constructed for bringing in the coal. 
To ])revent fire from the spontaneous combustion of this sort of 
coal the height of the piles should not exceed 5 to 6 m. Therefore, 
an oblong shape has been given to the storage houses in order to 
reduce the number of tracks recpiired At Emmahaven there are 
two storage houses, their total length being 175 m. and 200 m. 
respectively. All coal passes through these storage houses before 
being loaded into vessels. 

Particulars of Construction Hoth buildings are of the same type 
and subdivided by cross-walls into thirty and thirl y-tive compart- 
ments respectively, as is shown in h'lg. 2, representing a sectional 



view. These cross-walls serve as a means of support for the two 
entering tracks, which extend over the whole length of the buildings. 
The floor of the storage house is inclined at an angle of 30'^ and 
drops from the middle towards both longitudinal walls. It is 
composed of wooden planks supported by steel beams. The 
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longitudinal walls extend vertically upwards to the level of the 
entering rails and have theii lower part provided with* openings, 
each compartment having two. These openings are adapted to 
hoppers, which may be swung upwards by means of hand-operated 
reels so as to close the openings when in their upper position. The 
roof and the walls are composed of steel beams and covered by 
corrugated galvanised sheet iron. 

The advantage of dividing the storage houses into compartments 
is that the diverse sorts of sized coal can be stored separately. 

I'hc storage house is supported by two longit udinal walls of masonry, 
the height of which is such as to make (lie hoppets mentioned above 
project just above the special cars used with the loadi^ng device. 
Each compartment has on the level of the outgoing rails otie opening 
in the longitudinal walls and one in the cross-walls 'I'he size of the 
latter is such as to permit normal cars to pass through over a special 
track 

C'oid is supplied to the storage house directly from the adjacent 
terminal station, Hoekit-Poetoes Trains composed of six cars — 
the cars coming from Sawah-Loento — are pushed upward on a short 
incline by a locomotive*, which is allowed as far as the rear part of 
the stoiage house Wlien the cars have reached the pro])er spot, 
the side doors are opened and the coal is discharg(‘d on both sides 
of the. track simultaneously Empty cars are returiK'd to Hoekit- 
Poetoes by the locomotive* 

Operation. It needs only tivt* men to handle* the* filled cars in the 
storage houses, including two men running the leicemiotive, and 
the eithers on the e ars terr eipe'iating the brake and the doors 

Should there he insitfjnieui room for the coal, it is pileel on the track 
by a gang of ten to fifty me_*n For this piirjrose ejiie of the front 
compartments is eihscharged inte) sj)e*cial flat cars which are returned 
niti Ihiimahaveii Station and lloekit-Poetoe's to the u])per track 
of the storage hou‘-e, wliere they are di.se harged by hand, the coal 
being piled up over the full compartments at the hack. Hy this 
measure the front ('ompartmeiits always remain emjity, thus continu- 
ally providing sufficient room for the immediate discharge of the 
cars, which can be afterwards returned to the mine at Sawah-Eoento, 
without delay 

Capacity The storage houses have a storage capacity of 5,000 
and 8,000 tons, respectively, when filled in the ordinary way to the 
level of the entering track. Their total capacity may hv increased 
from 13,000 to 15,000 tons by handling as described. 
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The actual shipping conditions still necessitate the use of this 
tedious measure five to ten times a year. 

A further increase of storage capacit}’ to 20,000 tons may be 
realised by utilisation of the room under the compartments In 
this case the hist compartment is discharged on the giound, or in 
flat cars, and the coal shovelled under the storage house. To remove 
this coal provision is made of a third track running underneath the 
building, and flat cars are used. It has not been necessary to recur 
to this extreme measure during the jiast four years. 

The coal which is to be taken from the storage house is discharged 
in cars of a particular design, which, in order to be hlled, are shunted 
alongside the compartments 'Die loadeil car^ are moved alongside 
the building by a shunting locomotive drawing four cars, passing 
the .switch shown in the drawmg, to one of the scales The cars, 
after being weighed individually, are transferred to one of the 
shunt -tracks Another shunting engine serves to pull the cars 
from the shunting tiacks past the scales to the coal-lip or to the 
crane. The* anangement of tracks and scales is shown in Fig. 1. 

Operation. There; are two workmen for ojicratiiig the hoppers, 
two at the scales and two to four for manipulating the switches. 

I'hc scales Their weighing cai)acity is 20 tons. To 

weigh the car, the bridge^ belwc'en the rails is raised by operating 
a screw .sjnndle till the car is lifted from the rails The weight of 
the car is automatically recorded by impression on a card. 

The Waoons 

Transportation of ( oal to the storage house, and from it, is realised 
by cars of Iiac diflerenl types, each car being piovicled with a 
hand brake 

1 he coal is loaded at the nunc in saddle-bottom wagcjiis, having a 
capacity of 12 tons and 24 tons, respectively The cars are made 
of steel and may be c overed by corrugated sheet iron roofs One 
type (F cars) has one, anotJier type (K cars) has two receptacles 
mounted on the trame. each ha\ang a capacity of 12 tons. The 
E cars are four-wheeled, the K cars have eight wheels The incli- 
nation of the bottom, from the middle to the sides, is 30 . The 
lower piortions of the side walls act as swinging doors, being hinged 
at the top and controlled by a .system of screw spindles and levers 
attached to the bottom end of the doors 
To feed the coal-lip cars arc employed which discharge at the 
bottom ; their capacity being 10 tons They have one wooden 

m 



SOLID FUELS: STORAGE AND HANDLING 

receptacle. The door consists of two steel plates, whic^gi may be 
independently operated from the platform by means of screw 
spindles. The maximum width of the door opening is slightly 
less than the track gauge. 

The cars used to supply the coal cranes have removable iron recep- 
tacles discharging through bottom openings. Their constructional 
features may be compared to those of a grab. Two of these recep- 
tacles are supported by a steel truck, but they are freely movable 
on it. Each receptacle has a capacity of 6 tons 

Bunkering by manual labour, 'fhe fiat cars already mentioned are of 
the common type, having side doors, hinged at the lower ^nd. The 
receptacle is made of wood, and rigidly connected to a st^el truck. 

The shunting locomolives. The locomotives arc of two types, 
having a tractive force at the draw-hook of 2,200 Kg and 4,300 Kg., 
respectively. 

The Loading Devic es 

Ships calling at Emmahaven may be classified as follows, with 
regard to the accessibility of their bunkers. 

1. The bunkers have large hatches accessible from above: 

colliers, proas, and some cargo-boats of European companies 
(cxpre.ss cargo steamers). 

2. 7'he bunkers have large hatches accessible from the sides: 

passenger steamers bound for Europe. 

3. The bunkers have small hatches in the galleries: all steamers 

of the Royal Mail Steam Packet Co., which keeps up 
communications in the Malay Archipelago. 

Formerly coaling was exclusively done by coolies, but about the 
year 1900 the coal tip and iii 1915 both cranes were erected The 
tip is used with ve.sscls of the first class, when the height of the 
bunker gates docs not exceed 10 m. above sea-level. The cranes 
are used with vessels of both first and second class. Those belonging 
to the third class still require the use of manual labour 

Fig. 1 is a plan .showing the general outlay of the harbour and the 
situation of the loading devices. The tip is somewhat isolated 
on the coal-wharf because of the coal-dust formed when in use. 
The cranes can be used for bunkering ve.sscls moored at the main 
quays. There are three main quays situated side by side. Vessels 
belonging to the third class are moored at Quay 4 and operated upon 
by coolies carrying coal in baskets. 
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The Coal Xi** 

A single track is provided for coal supply to this loading device. 
From the storage house the track mounts along the slope of a hill, 
the maximum inchnation being 18 per cent. It crosses the railway- 
tracks and the mam road to Emmahaven overhead upon a steel 
framed viaduct, having a length of 110 m. in five spans, and pro- 
longed in a bridge of 80 m. length, the end portion of which projects 
well above the quay. There are two tracks on the bridge which are 
made to join by means of two switches, one at the beginning of the 
bridge, the other at about 20 m. from its outer end. The length 
of the shunt is sufficient to have four cars placed on it. The height 
of the track is 14 m. above sea-level. The bridge is level, but the 
viaduct has an upward grade of 25 per cent Both the bridge and 
the viaduct arc planked. The planks between the rails at the 
extreme part of the track may be removed over a distance of about 
10 m. ITereby oru' of th(; four adjacent openings is cleared, each 
of them corresi)onding to rme of four parallel chutes supported at 
an angle of 30^. All chute.s have their lower extremity situated 
on a vertical plane passing through the end of the bridge. 
There is a further chute having an opening which may be adapted 
to any of the jireccding chutes by means of a hand-operated reel. 
This chute is a telescopic one, in order to permit an exact adjustment 
of the opxmmg above the bunker holes or hatchways of the ship. 

The variations of the water level due to tidal effects being only 
1 -70 m , and the height of the tip being 14m., the latter may be used 
with all vessels loading cargo coal. 

Rimmuf; the plant. Trains leaving the storage house are made up 
of four cars. The cars are puslied by a locomotive which im- 
mediately takes back to the storage house the four empty cars 
previously shifted. The filled cars are not coupled together, but 
the empty ones, of course, are The initial velocity imparted to the 
filled cars by the locomotive is such as to make the first one run 
as far as the dumping point. The other cars are stopped before 
reaching the switch by operating the brake. The first car, when 
emptied, is .shifted to the other track by twelve coolies, the next full 
car being now brought to the dumping point by a further gang of 
twelve coolies. 

Operating. The locomotive is driven by two men ; four men 
operate the brakes, each of them remaining with his car. There 
are two gangs of twelve coolies occupied in moving the cars on the 
bridge, two coolies manipulating the car doors (one at cither side), 
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two coolies cleaning the empty cars, two coolies cleaning up the 
tipping stage on the bridge, two for handling the reels,' on« foreman 
and four more coolies for successively relieving the others. Thus 
the full loading capacity of the bridge is maintained from 6 o’clock 
in the morning till 6 o’clock at night. 

( apacity The maximum quantity of coal which the tip is able 
to load into the vessel is 270 tons hourly. 

When bunkering coaling boats, the coal tip is also partially made 
use of, provided the coaling-scuttle is large enough and within 
reach of the hopper. This kind of boat has generally two large 
scuttles, one being at starboard, the other at port. Ordinarily the 
tip can only be used with one of these scuttles, as it is ^lecessary 
for coolies to throw coal through the other one. Tor this ^purj^ose, 
full coal cars are supplied from the storage house and halted under 
the tip, the coal being taken then in baskets and carried on board 
by coolies. 

The most characteristic feature of the tip, the most important of 
the coal conveying devices to be found at Emmahaven, as the total 
weight of coal taken on to ships from it is 300,000 tons yearly, is 
(with the exception of the locomotive mentioned before) the com- 
plete absence of engines. 


The Coal Cranks 

As IS shown m the general plan (Fig. 1) of tin* ]>laul, tw(^ coal cranes 
are provided which are used for bunkering shi|)s moored on Quay 1, 
2 and 3. Constructional details are shown in tlie ])h(qograph 
(Fig. 3) These cranes are of the gantrv tyf>e and motor driven. 
They travel on a track along.side the quays. 13ie rails lieing laid 
on both sides of the custom-hoiisi* slieds, it follows that these 
buildings are contained within thi' opening con lined by the bridge 
and its legs in order to permit the craiK* to travel bi'yond them. 
The crane proper can move over the bridge, and has a lange equal 
to the entire length of the bridge; it may be swung through a full 
circle about its axis. The maximum working radius of the boom is 
8 m. 

The gantry cranes are entirely power driven. Three-phase 
alternating current is supplied at 440 V., to induction motors of the 
wound rotor type with brashes and slip rings. The controllers and 
resistances of the crane proper are located within the crane hut. 
The hoist comprises two double drums, one containing both hoisting 
cables, the other carrying the auxiliary ropes. Both drums are 

486 



DUTCH EAST INDIES: COAL HANDLING 

driven by one motor transmitting its movement by a system of 
bevel geArs. The auxiliary drum may be uncoupled by a clutch 
in order to stop it independently of the hoisting drum and to halt 
it by a brake. 



Coal Crant^i at lCmiiialia\ (*ii l)flails lif)iii toal lioppor 
and l)U('ke1 


The bridge is propelled by means of an electric motor which, 
combined with the controller and resistance, is located at the middle 
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of the bridge. The movement of this motor is transmitted to one 
of the wheels in both legs by spindles and bevel geafs. i 

The seaward end of the bridge projects for a length of about 10m., 
and carries a coal hopper at its extremity. The coal hopper is 
protected by a casing (see photograph, Fig. 3). The casing and 
the hopper logether with the chute are one unit and carried by two 
screws, so as to permit the adjustment of their position vertically. 
The chute is extensible owing to a telescopic arrangement The 
interior of the casing contains the apparatus for controlling the 
hopper and the chute , the former being motor-driven, the latter 
operated by hand. 

Current is taken from a ground cable by plug contacts^ at every 
50 m. of the entire length of the quays, and supplied to th(' fjp[)aratus 
within the casing by means of a flexible cable terminating in a plug 
to be inserted in one of said plug contacts and wound ujion a leel 
carried by the station side leg of the bridge 

Operatton. Trains, made uj) of ten loaded cars driven by a loco- 
motive, leave the storage house at the west side of the quay to enter 
one of the three railway tracks, and are stripped under the gantry 
crane between the station and the customs-liouse sheds. Each 
receptacle on the cars is then m turn lifted l)y the crane* so as to 
clear tlie sheds, traversed until it is f)V('r the bunkers, loweied and 
then discharged by manipulation of the auxiliary ropes. 

Should the ship have side hatclies, the coal is droppi'd into the hop- 
per at the extremity o( the crane bridge and, after passing tlirough 
the chute, falls into the bunkiT. 

OpcrciHon. The personiK l required to attend l)oth craiu's consists 
of one overseer and eight men, / c. for each crane one crane-attendant, 
one man at the hopper, two men for connecting and disconnecting 
the hooks to the receptacles 3'here is one shunting engine and 
another locomotive to convey the cars to the storage house and 
back 

Capacity. Each crane has a loading capacity of 60 tons hourly. 
As a rule both cranes arc used at the same time in loading one boat. 
In comparison to one single crane of double capacity, there is the 
advantage of an improvement in the continuity of coal supply to 
the ship and that of smaller variations of power consumption. 
The lifting capacity of each crane is 8 tons, and the weight of the 
contents of a receptacle is 6 tons. 
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Bunkeriijg by Handpower 

Ships in class three are exclusively supplied by coolies carrying on 
board the coal- filled baskets. To fill the baskets coal is taken from 
the flat cars already mentioned. 

Coal Furnished to the Cement Works 

This coal is supplied from the teniiinal station Bockit-Poetoes. 
This station is a terminus both for coal supply and of the aerial 
rope-way owned by the cement works. Cars destined for these 
works are discharged on the ground after being shifted on to an 
auxiliary track next to the rope-way. 'Hie carriages of the rope-way 
are loaded by the coolies of the cement works 

Z U S . VM M I ■ N F ASS U N( ; 

Die jalirlirlR- Ciesaintforclcrung der Orabilin-Mincn von Sawah-Loento 
betragt im J iurclischiiitt ."i 00 000 t, wovnn die Staatsbahn und anderc lokale 
Industnen urigetabr 100 000 t verbraueben, wahrend der Rest regelmassig 
von Kmniahaven aus vcrscbdTt vvird, und zwar uiigeLlhr 100 000 t in der 
Form von Dunkcrkohlen und 300 000 t als Ladekoldcn. 

Die Verbindung zwisclien Fmmabaven und Sawah-Loento wird vermitlelt 
durcli die Staatsliahn, tune SclimaLspurbabn von 156 km Lange. 

Hieraiis ergab su li die Notwciidigkeil, in Fminahaven sowohl Kohlenspeicher 
zu erncbtcii, als aiich moderne Verladeeinrieblungcn zu besilzen 
Die Kolitenspeichcr; Zwei ncbeiieinander hegetide Speiclier von 12 m Tireite 
und 175 bezw 200 m Lange entlialtcn 35 bezw. 40 vSilos niit sattelformigen 
Boden Die ZwischcMiwande reuhen bis unter die zwei Ziifiitirgleise, denen 
sie daniit zuglcicb als llnterstiitziiiig dienen Die beladenen Kohlenwaggons, 
die .sattelforniige Itodon haben, werden mit einer Lokomotive oben auf die 
Silos gelaliren und eiitleeren .sich durch einfachcs Dffnen der Scitenklappen. 
Zum luitleeren der Speiclier stelien ebenfalLs zwci Cileisc zur Verfiigung, 
die (10 m tiefer als die Arifuhrglei.se) an den Langswanden der Speicher 
entlang fuliren D.is Entleeren in die Kohlenwaggons gescliieht durch Heniii- 
terziehen einer an die Siloklappen anschliessendeii Kolilenrutsche. 

In die Abfuhrgleise snul zwei Bnickenwagen fur je 20 t Gcwicht eingebaut 
l)as hassungsveniiogen der Speicher betragt normal 13 000 t, kann aber um 
3 000 t vergrosseit werden durch Aufstapeln der Kohlen von Hand. 

Man verfugt heute in Ivmniahaven uber (olgcnde Ladeeinrichtungen; 
iiine Verladebrucke, die zur Bekohlung derjenigen Schiffe dient, dcrea 
Bunkeroftmiug tief liegt und von oben her zugAnglich ist (Kohlenladschiffe 
und Prauen). 

Zwei Portalkranen, die herangezogen werden, wenn diese Ollnungen hoch 
auf der obersten Biucke odcrin den Seitenwanden liegen (Europaische Fracht- 
und l\issagierd ampler). Zur Bekohlung der Schiffe, deren Bunkeroffnungen 
in den Dienstgiiigen liegen, i.st man noch immer auf Handarboit angewiesen. 

Die Verladebrucke- Von den Kohlcnspeicliern aus fuhrt eine einspurige 
Balm, zunkchst einem Hiigel entlang, zu der 80 m langen, freitragenden 
Verladebrucke, deren ausseres Ende genau uber derTKademauer und 14 m 
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uber dem Wasserspiegel liegt. Auf der Brucke befindet sich eine Ausweich- 
stelle mit Kaum fur vier Waggons. Am Bruckenende sind vier parfillel unter 
emander angeordnete Kohlenrutschen emgebaut. Beim Beladen von 
Schifien wird eine funfte Rinne jeweils an diejenige Rutsche angescblossen, die 
ein Gleiten der Kohlen bei geringstem Gef^lle ermoglicht. Die Anfuhr der 
Kohlen geschieht in Zugen von je vier Waggons, die durcb eine Lokomotive 
bis zur Ausweichstelle auf der Brucke gestossen werden; von hier aus bis 
zum Falltrichler und zuriick zur Ausweichstelle geschieht die weitere Bcwe- 
gung von Hand. Die Kohlenwagen werden durch Offnen von zwci Klappen, 
die sich zwischen den Rkdem befinden, entleert. Die Leistung mit einer 
Lokomotive und 42 Kulis betrJigt normalerweise 3 200 t in 12 Stunden. 

Die Kohlcnkranen: Die Portalkranen kbnnen die ganze Lange der Handels- 
kaden 1, 2 und 3 bestreichen. Auf den Portalkranen ist je ein Drehkran 
montiert. Die Kohlenzufuhr geschieht hier mittclst Wagens, auf dem zwei 
lose eiserne Behalter in der Form von Greifern wie bei Baggernia.schinen und 
nut je 6 t Inhalt stehen. \ 

Die Drehkranen bringen die Kohlenbehalter bis uber die Bunker^hrmtigen, 
wcini diese von oben her zuganghch .sind, und enticeren sic in dieseni Falle 
diiekt in die Bunker. Bei Schifien mit seillichen Bunkeioriniingfii faJlen die 
Kohlen aus den BcliLiltcrn erst in einen Fidltiichter am Kopliunle des Poitals 
und von da durch eine Rutsche, die aul die.se Ohriungeii eingcsLeJIt werden 
kanii, in die Bunker. 

Man arbeilel immer mit beiden Kraiien zugleicli und hcdicat diihc. nur ein 
einziges Schih Hire LeistungsJaliigkeit bctiagt in diesem halie 120 t je 
Stunde. 
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Factors y\FFECTiNG the Installation 
Picfoie deciding on any installation it should be clear that, 
by using llial type, the cost will be less than with any other system. 
This cost is the sum of the three items, maintenance cost, 
operaling cost, and interest and depreciation on investment. It is 
the sum of the three that is all-imiiortant, and to obtain the lowest 
sum total it is advisable to consider the three costs in their order 
of importance. 

It is comnujii practice to put capital or first cost as the leading 
factor, but, while this may be true reasoning in some instances, 
in the inajonl}' of cases maintenance cost is really the governing 
factor The worst fault that any system can have is that of high 
maintenance cost, because reliability and dependability in opera- 
tion are involved I'lie factor of maintenance is often the result 
of a natural desire to keep first cost at its lowest possible figure, 
but this mav' bring in its tram not only the known and anticipated 
WA'ar and tear expenditures, but also indirect and incalculable 
losse^ due to breakiluwns, loss of time, and upsetting of routine 
and programme. The only w^ay to avoid such conditions arising 
is to examine the proposed system on its general reputation, extent 
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of use, and satisfactory operation over a period of time by other 
users, and to be assured that the system is one of the iganufac- 
turer's staple products in which he has had much experience and 
of which he intends to continue the manufacture; and not that 
his interest is only in the present contract for machinery and will 
vanish after the plant is paid for. 

The operating cost is simply the labour cost per ton handled, plus 
the cost of power, oil, etc. This cost may often be reduced pro- 
portionately by increasing the capacity per hour without a corres- 
ponding increase in either the interest or labour charges. When 
considering the design for a new plant the first cost, and conse- 
quent interest cost, as previously mentioned, appear to be the 
principal factors. When operating a plant, however, one’s\ worries 
as to costs are not about the interest cost but about repair and 
upkeep costs and reliability of the installation. The lowest first 
cost seldom results in the lowest operating costs. The interest and 
labour costs can be calculated before the plant is built, but the 
maintenance and breakdown expenses, due to what is misnamed 
cheap plant, cannot. 

The justifiable expenditure for a fuel-handling plant depends on 
the amount of coal to be handled and on the other individual 
circumstances. Other expenses may completely overshadow the 
cost of fuel handling, making such costs of installation and opera- 
tion of less importance. Guarantees against interruption of 
operation, by delayed arrival of fuel, by labour troubles, or other 
causes, may justify considerable investment in fuel-handling and 
storage plant. Each problem is different and must be decided on 
its merits. Large users are nearly always warranted in the instal- 
lation of elaborate handling plant which would not be justified 
for smaller users. Even in the smallest plants, however, the 
handling of the fuel should be carefully considered. In addition 
to any direct reduction in operating expenses the use of conveying 
machinery induces cleanliness and neatness about the plant which 
results in better care of all machinery and, in plants where there 
is little room, the installation of a suitable conveying system 
often increases the storage capacity. 

The amount of fuel storage desirable depends on the regularity 
of the supply, the importance of avoidance of a shut-down due to 
interruption of supply, purchasing ahead due to seasonal price 
fluctuations, the expected future growth of the plant, and on local 
conditions. It is well to look as far ahead as possible to future 
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requirements, and design the plant in such a manner that it may 
be extended in the future without difficulty. 

The storage should be as close as possible to the point of use and 
connected with this in such a manner that the fuel is normally 
sent direct to the furnace bunkers but can be easily directed to, 
and reclaimed from, storage. The different storage systems in 
use are parts of various handling systems, and the application of 
each type of machine to both handling and storage will be de- 
scribed under the names of the different machines. Before con- 
sidering means of storage it is well to consider spontaneous 
combustu)!!. This is an ever-present danger with coal storage and 
therefore coal should be stored so as to prevent it, and the storage 
system used should be of a type capable of use in easih' and 
rapidly overcoming a fire. 

Spontaneous Comhustion 

It is generally accejited that the main cause of spontaneous 
combustion of ccjal is the direct action of the atmospheric oxygen 
on the coal itself. The principal part played by pyrites is to break 
up the coal into fines by slow oxidation of the pyrites. This dis- 
integration is aided by the alternate wetting and drying of 
coal in storage. 'I'lie fine coal oxidises more quickly and at the 
same time prevents free circulation of air carrying off the heat as 
fast as it is generated by oxidation. Complete safety for stored 
coal lies either in sufficient ventilation or else in the hermetic 
sealing of the coal from all access of oxygen, either in free 
circulation of air or in no air at all. To secure free circulation of 
air all fines must be removed and only lump coal stored. This 
IS not economical and is seldom practicable. Elimination of air 
altogether means underwater storage, which is not always possible 
or desirable. Rolling and closely packing the pile is nearly as 
effective as underwater storage. Making a homogeneous pile, by 
preventing segregation of sizes, retards oxidation due to lack of 
air. 

The time of greatest danger from spontaneous combustion is 
from six weeks to three months after storing. The heating 
generally begins at a depth of about 7 ft. from the surface, at a 
point deep enough to prevent escape of the heat as generated and 
still near enough to the surface to maintain the supply of oxygen. 
In a homogeneous or packed pile this point is much nearer the 
surface and moves about, due to changes in surface temperature, 
thus preventing firing. When storing an unfamiliar bituminous 
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coal the temperature at various points in the pile should be 
watched carefully, by means of pipes sunk into the pile, and at 
130°F. warning should be taken. At 150 or 160° the coifi should 
be used, or moved and spread out to cool. At 180" smoking will 
begin and firing is about to start. With an unfamiliar coal or one 
known to heat easil\’, the storage system should be one with which 
a hot spot in the pile can be dug out and spread easily. Coal from 
a hot spot should be separated from the rest of the pile and spread 
out (jn the ground away from anything likely to be endangered if 
it should break into llames. Such hot spots should be handled 
carefrdl}, and a good supply of water should be at hand to quench 
dames that might start. Water is of little use after tiring has 
started, exce})t to quench surface flames. Wetting a burnm^coal pile 
often forms a wall of coke around the burning part, preventing 
the w ater reaching the heart of the fire and allowing lh(i lire to 
break out again later. A deluge of water that reaches a warm 
spot will prevent further heating. 

The storage ground should be dr\, level, and free from diainage 
from an\ source Care slumld be taken that pieces of wood, ody 
waste, or other combustfljle material, are not mixed with the coal 
in storage. Avoid storing coal near external sources of heat, even 
though the heat transmitted be moderate, and do not store against 
buildings Avoid admission of air to the interior of the pile 
through drains beneath the pile and around foreign objects, such as 
poles, posts, gantry legs, girders, beams, irregular brickwork, or 
through porous boltoms, such as coarse cinders. Do not place 
different kinds of coal in the same pile, nor place fine coal adjacent 
to lump coal, as fires tend to start on the borders between the two. 
Pile the coal hoinogenc(»usly so that all sizes are well mixed 
together Avoid coning, rolling down a side of a pile, or other 
causes of segregation and stratification, since an open stratum 
of lumi)s permits air to reach and oxidise the fine coal, and the 
stratum of fine coal does not permit the heated air to pass off 
rapidly enough to keep the temperature below the poinf of com- 
bustion. The height of the pile depends on the nature of the coal 
and the method of storing. Piles 5 ft. deep have taken fire and 
many piles 50 ft. deep have not. If stored without care the piles 
should not be over 12 or 15 ft. deep. If stored according to the 
above rules, coal is fairly safe 20 to 25 ft. deep, but, if also i oiled 
and packed into storage the coal is practically as safe as in under- 
water storage and the pile may be of any height. 
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When coal is stored under shelter, or inside buildings, surface 
ventilation sliould be secured to facilitate the escape of gas by the 
circulation of the atmosphere. When a fire is discovered in a 
storage pile the only satisfactory method of extinguishing it is to 
dig it out, remove the coal to another section of the yard, and 
spread it out to cool. It is always advisable to make the storage 
in such a way that any part of the pile ma) be moved promptly 
if necessary. 

The heating value of coal seems to be decreased little by storage, 
possibly from an average of 1 per cent up, to a maximum of 3 
per cent , during the first year in an open storage. No deteriora- 
tion whatever is experienced with coal stored under water, and 
little in a packed pile, while there is apparently an actual gain in 
heating value in coal stored under salt water. Stored coal loses 
a little of its coking qualities and of its value for making gas, and 
in firing it needs to be spread in thinner layers over the firebox. 

So many types of equipment have been developed for the handling 
of coal and coke, and their functions so overlap and aid each 
other, that it is difficult to choose the most suitable for a given 
problem without a wide experience in their uses and limitations. 
The detailed designs of all these mechanisms have been often 
described and may be found in technical books and manufac- 
turers’ catalogues. 'I'liese details arc constantly being improved 
and developed b} competing manufacturers, and the user can 
generally rely on their being of the latest and most suitable design 
for the type of machine in question when supplied by a manu- 
facturer with long experience in maldng that particular machine. 
The user is faced with the problems of unloading his fuel, trans- 
porting and elevating it to his bunkers, and storing and reclaiming. 
Oecasionall}', wdth a small plant and suitable conditions, one 
machine will perform all these duties, but geiieralh a combination 
of several machines is necessary. 

Snip Unloading 

Where water-borne coal is available it is usually cheaper than 
rail-borne coal, and consequently efforts are made to locate power 
stations, especially the larger ones, on navigable waterways. The 
locations of the buildings on the site should be decided with 
principal reference to the coal-handling plant to be used. 

In British practice the coal is grabbed from ships and barges 
either by cranes or transporters. The capacity of any of these 
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c^rabbing machines can only be calculated exactly when all condi- 
tions are known and coal will be certain to be within j^each of 
the grab. 

The maximum capacity is possible at high tide with full cargo. 
At other heights of the tide, and as the coal is lowered in the ship, 
the hoisting distance is increased and capacity is decreased, and, 
during the final cleaning up of the cargo there is no coal available 
for the grab until trimmers have worked it within reach. The 
unloading plant designer can give a real guarantee only for the 
breaking-down capacity. For that he has exact data. He may 
make a clc)se approximation to the total cargo unloading capacity 
if a certain ship and the number of trimmers to be used are 
specified, but for a general guarantee that any machine will liave 
a certain average capacity when unloading ships in general he can 
only make a guess. A safe guess is that, unless the ship is of 
unusual t\pe, with very small hatches, or 'tween decks, the 
average capacity will be 50 per cent, of the breaking-down capa- 
city for sliiiis under 2,000 tons ; 60 per cent, for ships of 2,(X)0 to 
5,000 Lons; and 70 per cent, for larger ships. 

Locomotive Crane This is a very efficient machine for ship 
unloading, when its ojieralions are confined to hoisting a grab 
bucket and delivering its coal to some other machine for trans- 
portation. reserving its locomotive powers for locating itself 
advantageous!) to the hatch or for moving from one hatch to 
another Its flexibility and usefulness in shifting railway wagons, 
travelling to stock out and reclaim coal, and other odd jobs about 
the plant, often give a wrong impression that detracts from its 
great value as a ship unloading machine. Imr unloading from 
ocean-going colliers, at breaking-down capacities up to 150 tons 
per hour, it seems to have the advantage in co.st, llexibility, and 
economy. For larger units there is a difference of opinion, and 
some prefer the transporter. 

In Great Britain the units of largest capacity for unloading coal 
from ships arc cranes as exemplified on the Thames in many units 
of 250 to 300 tons per hour capacity. Users claim that the crane 
is best able to cover the hatch area and saves considerable cargo 
trimming by being able to swing the grab back under the hatch 
combing. In the larger sizes the costs of transporter unloaders 
and cranes are about the same, and the two types are about equally 
used ill Great Britain for high capacities, for while cranes are 
more used for coal unloading, transporters are more used for ore 
496 



(.REAT BRITAIN: STORAGE AND HANDLING OF SOLID FUELS 

unloading. This healthy condition of technical competition has 
resulted|in the development in Cireat Britain of excellent types of 
fast, high-capacity, grabbing cranes not made abroad, while still 
keeping’ up to the mark on transporter design. 

The operating cabin of a ship unloading cianc should be elcsated 
to a position from which the operalcjr can have an uiKjbstructed 
view of his grab at all times. Ihe cpiite different uses of locomo- 
tive cranes for storage and reclaiming arc mentioned later. 

1 ransportcr. 1 here are various types of grabbing machines 
called transporters, but they all have the one feature in common, 
that, in addition to their grabbing and hoisting actions, the grab 
full of crial is transported back to some discharging point. When 
used most etticicntly for ship unlo.idmg thee generally have a veiy 
short run back and discharge the coal to another machine for 
disposal. In this work they are in diiect comiietition with loco- 
moti\e cranes as previously mentioned I'he choice betw^cen 
cranes and tran.sponers (Ujiends on the manner in wliicli tlnw fit 
into the general de.sign of the complete coal handling and storage 
plant. Ihe somewhat simpler mechanism of the transporter, its 
ability to hoist higher and deliver higher on shoie, and the ease 
in spotting tlie gral) in the hatchway with the operator directly 
o\erhead in a man trolley, should be compared with the advan- 
tages of the crane. 

(Ill the (.'oiitinent the man-trolley t\pe of transporter is in 
general use for ship unloading. In America it is used less, except 
on the great lakes, where it has been developed into the great 
ore bridges and w^here the Huletl unloader is also used wnth the 
sjiecial type of lake ships. It ha^ not been found practicable to 
use the Hulett unloailer on ocean-going vessels with small hatches 
and often with ’tween decks. The rope-operated t\pe of trans- 
porter IS used somewhat in (Ireat Britain; less on the Continent, 
where they like to have the operator always over his grab; but 
has been greatly developed in America, where they use very high 
rope speeds and obtain great capacities. 

The bridge transporter, of the man-trolley t}pe, is often used 
for the combined purpose of ship unloading, storing, and reclaim- 
ing coal. The grab is run back to discharge coal to storage pile, 
or to wagons, and may later reclaim from storage to ship, barge, 
or wagons. Sometimes the back leg of the transporter runs on ihe 
boiler-house wall, or bunker, and the grab can discharge to storage 
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outside, or to the bunkers inside. This scheme is not often used 
as the span of the bridge is limited, resulting in small Storjige, and 
there is no chance of extension. However, for a small station, 
supplying a small town where the chance of extension is slight 
and where coal can be received in barges, a small bridge trans- 
porter of this type is often useful. At first sight it looks like an 
ideal installation, but there are several disadvantages. A long 
bridge transporter is very expensive, due to supporting the loaded 
grab and trolley on a long run over the storage pile, the ship un- 
loading capacity is greatly decreased, due to the long run back of 
the grab, and the length of the storage pile can be no greater than 
the length of the dock. The capacity question is sometimes solved 
by mounting a belt conveyor on the transporter to reduce the 
service of the grab. In this case the grab confines its work to 
ship unloading, discharging the coal immediately to the conveyor, 
vvhicli discharges to storage or to another conveyor leading to the 
fuel bunkers. With such a conveyor transporter the grab trolley, 
or crane on top of the transiiorter bridge, is moved to any spot 
in the span and remains stationary while its grab reclaims from 
the store beneath and discharges to the conveyor on the trans- 
porter. This conveyor carries the coal across the transporter 
bridge to the fixed conveyor on the ground, paralleling the 
transporter run, which carries the coal to the bunkers. 

Telpher. I'he telpher, generally of the man-trolley monorail 
type, is widely used for small plants to unload from barges, dis- 
charge to storage or bunkers, and reclaim from storage to bunkers 
This is similar to the work done by the bridge transporter, but 
instead of being movable along the dock, the telpher is on a 
fixed structure, which necessitates moving the ship. For small 
plants, where future extension need not be considered, and 
quickness of discharge of the shq3 or barge is not of great inii)orL- 
aiice, a telpher installation does very well. The storage is small, 
as the line of the grab run is fixed; also, if the storage is on the 
ground, the telpher can only recover about half the amount stored, 
the remainder having to be handled within reach of the grab. A 
telpher is likely to be misused by having it do too much running 
back over the storage, which reduces its unloading capacity. A 
large telpher that will handle 200 tons per hour when travelling 
back 40 ft. will only handle 50 tons per hour if it travels back 
400 ft. As a telpher stores in a stiaight line it cones and segre- 
gates the coal. 
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Steeple Tower. This is a special type of rope-operated trans- 
porter much used on the North Atlantic coast of America for 
unloadinfl^ ships. It is made either fixed or to travel along the 
dock. The grab is controlled by a double-drum winch, the ropes 
working over a rope-operated trolley, running on a horizontal 
boom projecting over the ship. A separate drum controls the 
movement of the trolley, with one man controlling the 
entire operation. The steeple tower coniines its work to 
grabbing and hoisting, at very high speeds and high capacities, 
discharging to a belt conveyor on the docl^ The operation is 
simple and the speed astonishing, the grabs often not coming to 
rest when discharging The structures for these towers were 
made of timber for many years but now are also made of steel. 
Jloth steam and electric towers arc in use. 

Mast and (raff Another machine much used in America, for 
unloading ships, when the cost of a steeple tower would be too 
great, is the mast and gaff ng Its use is confined to grabbing, 
hoisting, and discharging to the dock or to an elevated hopper. 
It uses a double drum winch, either steam or electric. I'he mast 
swings through a fixed arc and cannot be luffed Being a fixed 
device the vessel must be moved. 

Stiff Leg Derrick. This is one of the simplest devices for un- 
loading ships. For small stations a derrick is often very useful, 
not only for ship unloading but for making and reclaiming storage 
as well. For equal capacities, howxver, its cost is greater than a 
mast and gaff, and also greater than a locomotive crane, which is 
much superior. Unlike the mast and gaff its boom may be luffed, 
but like the latter, it is a fixed device and the stiff legs often 
occupy valuable space. 

Railway Wagon Unloading 

Track Hoppers. Where coal is received in bottom-dump railway 
wagons the track hopper is perhaps the best method of unloading 
for plants in Great Britain, or warm countries, where severe 
wnnter conditions that sometimes make this method so difficult by 
freezing the coal solid in the wagons do not exist. With the 
20-ton bottom dump wagons in use in the North of Fngland a 
very high discharging capacity is secured by handling the trains 
across a track hopper with a locomotive, as a wagon may be 
dumped clean in about half a minute with free running coal, and 
within two minutes with washed coal and slack. Without the 
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locomotive, and without a capstan or other means of haulage, 
with only a slight down grade to assist the moving of, the wagons 
by hand over the track hopper, discharging capacities vfp to 500 
tons per hour have been maintained with these wagons by the 
efforts of two labourers. 

For most efficient unloading the track hopper should not be used 
for storage but only as a quickly self-cleaning transfer chute. Its 
containing capacity depends on the amount of coal to be handled. 
For Jngh throughputs it may hold less than a wagon load, so that 
the wagon may dump clean and get away quickly. For smaller 
throughjmts it may hold less than a wagon load,, and the 
wagon must wait until it is empty. The removal of the coal from 
the track hopper to the elevating and conveying system should be 
by means of a positive, power-operated feeder, with 1 capacity 
control regulation. Many types of such feeders are (discussed 
later. 

lUafjoH Tipplers. The end tippler has been much used in Great 
Britain at small and moderate sized plants for unloading the eight 
and ten-ton railway wagons made with one end hinged to drop 
down. One end of the wagon is lifted up to slide the coal out 
of the other end into a track hopper. The older tipplers had a 
hvdraulic cylinder beneath the track, which lifted the end of the 
wagon under one axle. I'he disadvantage of this type was that 
the end buffers of the wagon struck the track and prevented 
further tipping when the angle of tip was only about 50 degrees. 
The rough wood bottoms of the wagons retarded the coal at this 
angle and much barring and scraping was necessary. Continued 
lifting, after the buffers had struck the track, often resulted in 
derailment of the wagon. The newer tipplers have overcome 
these troubles. The wagon runs on to rails supported by a steel 
frame which is raised and tipped by the hydraulic cylinder, or an 
electric motor, and any desired angle of tip may be reached with 
the buffers clear of the track. 

One disadvantage still remaining for any plant, except the 
smallest, is that the hinged doors ._are in only one end of the 
railway wagons, and so, with only one tippler installed, there must 
be a turntable to turn about those wagons that arrive facing the 
wrong way. By installing two tipplers, one on each end of the 
track hopper, this is taken care of, but such an installation is 
complicated, expensive, needs a deep pit, and the newer stations 
are generally installing wagon dumpers. 
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Wagon Dumpers. These turn the railway wagon nearly upside 
down and dkcharge the coal to a hopper, from which it is removed 
by a suitable feeder at any desired capacity to the elevating and 
conveying system. 

Two types of dumpers are in general use, one lifting the wagon 
in a cradle, the other revolving it in a cage. Local conditions have 
much to do with choosing the type to be used. If the railway 
track is considerably above the ground level the revolving dumper 
is generally used. If the railway track is on ground level the 
deeper pit needed by the revolving type i.s, often objectionable. 
While the revolving type uses smaller motors it discharges the 
coal deeper below ground level, from which point it must again be 
elevated, and the extra power required for this about equals the 
extra power required for the lifting type dumper. Both types are 
thoroughly reliable and their use is rapidly increasing. 

A third type, or rather a modification of the lifting cradle 
dumper, which lifts the wagon to any desired height, to the level 
of the bunkers, for instance, before dumping it, is a most inter- 
esting development. There are occasions when this machine is 
most useful, to deal with some peculiar condition, such as pre- 
venting coal or coke breakage, but on the whole, like most machines 
designed to do two or more different things at once, its elevating 
work, for which a much cheaper machine would suffice, greatly 
reduces its dumping capacity. 

Feeding 

A feeder is a vital unit in most coal or coke-handling plants. 
It regulates the discharge of the material and feeds it to the 
conveying system in such a manner and at the required capacity 
to work the conveyors to their highest efficiency by keeping them 
fully loaded but never overloaded. It smooths out the change 
from the intermittent receipt of material by grab or wagon to the 
continuous flow required in conveying. A good feeder is a labour 
saver. 

Gates. The many types of gates are all used as feeders, when the 
material is free running and will flow by gravity, or as cut-offs, 
to stop the flow altogether for some reason. The choice of the 
type of gate depends on the location and its use. A simple slide 
gate, worked by hand-wheel, rack, and pinion, is much used when 
an occasional cut-off is required. An under-cut arc gate is very 
useful for occasional discharges from bins to wagons, skips, or 
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other intermittent conveyors. When the material is too large and 
quantity too great for an arc gate, even when power-»dp^rated, an 
up-thrusting slide gate, hydraulically or electrically operated, is 
often used. Roller slide gales, lifting chute gates, double arc cut- 
off gates, and many others, have their different uses when their 
choice is governed hy experience. 

Reciprocating Feeders. These have been standardised in several 
shaking feeders which jerk the material along 
on a plate or pan, plunger feeders which push the material, and 
disi)lacement pan feeders which are used for lumpy materials 
and greater capacities. All types arc much used, as they 
are simple and not expensive iind they are easily adjustable 
U) give close regulation to the material fed. While these 
feeders are sometimes used for very high capacities it is 
not usual to design them for more than 200 tons of coal per hour. 

Roll Feeders These are not so much feeders as they are 
retarders. They control the flow of freely flowing materials. 
They are of little use on wet or sticky materials unless made of 
great size so that the material rests on iliem in the bin. For 
gentle retardation of materials, such as coke, from a quenching 
hearth or bin, to a belt conveyor, or free running coal, they are 
very good. The njtary paddle type is a good feeder for approxi- 
mately measuring fine material. 

Belt Feeders. The use of these ovcidaps that of the reci])rocating 
feeders, l)Ut they are generally^ used for higher capacities They 
have been standardised for capacities from 50 to 2,0(X) tons of 
coal per hour. In the smaller capacities, where they overlap, they 
are generally more expensive than reciprocating feeders but are 
capable of much closer measurement and regulation of the 
material, and so are much used for exact mixing and blending of 
small coals. They are preferable to reciprocating feeders on an 
elevated structure or in a building because of freedom from 
vibration A belt feeder takes a little more power than an 
equivalent reciprocating feeder, and its operating and maintenance 
costs are about the same. 

A belt feeder cannot turn sharpl) upward from beneath a hopper 
and consequently headroom, or depth of pit, can be saved, when 
of importance, by using an apron or pan feeder. A belt conveyor 
can only turn upward on a curve that is near the catenary taken 
by the belt when it is empty on the curve but loaded at its lower 
end. This natural curve has a radius, which is easily calculated, 
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of from 120 ft. to 450 ft., according to the load and the belt pull. 
The penalty of using a smaller curve than the calculated catenary 
is injury to the belt, by its rising against the skirtboards in case 
of a feeder, or leaving the idlers and so not running straight in 
case of a conveyor. 

Apron or Fan Feeders. These are steel conveyors and arc made 
in several styles for different uses. They all, however, have 
aprons, pans, or plates, for carrying material, supported by chains 
running over sprocket wheels They are much used for heavy 
ore and stone work, taking product fron'\ power shovels and 
feeding such large material to crushers, in which cases they are 
of heavy construction and the chains are suiifiorted on rollers the 
full length For fuel handling, however, they do the same work 
as belt feeders but are more expensive. Their advantage over 
belt feeders is I hat they can turn sharply and carry the material 
up a steeper incline. Power, operating, and maintenance costs, 
when handling coal, are about the same as those of belt feeders, 
but when handling coke or other abrasive materials the mainten- 
ance cost of chain conveyors is higher, also, breakdowns take 
longer to repair. 

Scrcio or Spiral Conveyor. This is used for conveying hori- 
zontally tine dry non-abrasive materials, and is excellent for 
pulverised coal and cement, as, besides conve\ing them, it can be 
made to jness out much entrained air. For lumpy or wet sticky 
coal it IS trouldesonie, and for coke the wear is rapid and mainten- 
ance cost excessive. 

Other Feeders There are numbers of other types of feeders for 
special use.s, but they are not used frequently for fuel handling. 
The revolving table feeder is an excellent measufing device and 
good for feeding line materials and is much used in washing 
plants. It takes very little headroom but does not work well on 
large lumpy material. Many types of feeders have been developed 
to screen material as it is being fed, but these have never become 
popular and have a very limited use. 


ELliVATING 

Before considering the uses and limitation.s of conveyors in 
general, many types of which may also be used to elevate material, 
it will be convenient to discuss those machines used only, or 
principally, as elevators. Two lifting types of unloaders have 
been mentioned, the grab hoist and the high lift wagon dumpei. 
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While both are useful for special conditions, theif elevatinj^ 
functions reduce their unloading capacities, which are u^aally of 
greater importance 

Ducket Elevators. Tliese arc of two types, the chain-and-buckel, 
where tlie buckets are attached to one or two chains running over 
sprockets, and the bell-and-bucket, where the buckets are attached 
to canvas or rubber belts. Either type ina}^ be vertical or inclined 
and have continuous or non-continuous buckets. They are used to 
elevate any material that will not adhere to the bucket The 
length and cajiacity of elevators are limited by tlie strength of 
the chains or belts. Belt- and 'bucket elevators are well adapted 
to liandling abrasive materials such as coke, which would\ produce 
excessive wear on chains, and are also used for larger capacities, 
and are not liable to sudden unexpected breakdowms su'ph as a 
weak or worn link in a chain ele\ator sometimes causes. Both 
types are standardised in several styles and are much used for 
elevating coal from track hojipers to the bunker level for distribu- 
tion by a horizontal conveyor. 

Grainty Duckel Conveyor This chain-and-buckel maclniu-. 
which elevates vertically and also conveys horizontally, is very 
u.sefiil. It is much used in power stations and gas works to 
elevate coal from the track hopper and distribute to any part of 
the bunker, and also, sometimes, then to run underneath the 
furnace on its return journey and bring out the ashes. Its use for 
handling ashes in powxr stations is declining, the latest practice 
being to do so only for a certain moderate-sized plant, below 
which size the amount of ashes is too small to warrant placing so 
little of such an abrasive material in an expensive machine with 
numerous wearing parts, and above wdiich size the amount of 
coal to be handled is too large to endanger the supply by mainten- 
ance repairs to chains worn by ashes dust. Its most eflicient use 
is to save ground space by vertical elevation, combined with a 
short horizontal run to distribute over bunkers, with a -lift under 
1(X) ft. and a capacity between 25 and 100 tons per hour. For 
smaller or larger capacities, or where more ground space is 
available, cheaper and more efficient installations can be made 
with other machines. 

Skip Hoists These are much used to elevate material intermit- 
tently to discharge directly into an overhead bin or bunker. For 
ashes disposal at power stations they are often used to raise the 
ashes, in the same hand-truck in which they are collected, or after 
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being dumped into a permanent skip bucket, to the elevated 
loading Ijin.* Jn such cases the hf;isting, dumping, and returning, 
are consecutively automatic upon being started Such installations 
are very useful for small locomotive coaling stations, power 
stations, or gas works, to raise coal from beneath the track hopper 
to an overhead bin. For labour saving, or for larger capacities, 
skip hoists are made completely automatic. They then have an 
automatic measuring feeder to fill the skip bucket. This feeder 
is the crux of the design and of efficient automatic operation. 
Several British makeis have had valuable exiierience from which 
they have developed good designs. 

Skip hoists are especially useful for handling lump} material, 
such as large coal, or abrasive material, such as coke, and break- 
age can be greatly reduced by their use. Their principal limita- 
tion is that, as their discharge is intermittent, it is diriiciilt to 
distribute from them with a conlinuoiis conve}’or This necessi- 
tates a receiving hopper, with a discharging feeder, installed at a 
great height, which is usually loo expensive. For sim])le elevation 
of lumjiy material, witliout distribution at the top, an automatic 
ski]) hoist IS the most efficient iustallation, for the least investment, 
for capacities between 60 and 150 tons per hour. 

Pneumatic Conveyors This system of suction-handling material 
through })ipes is much used in the grain trade, and many attempts 
have been made to adafit it to co.al handling. Jt works very well, 
for capacities u\) to about 20 tons per hour, when handling coal 
that is as nearly like grain as possible, that is, when the coal is 
small, drv and clean. It seems such a simple metliod of unloading, 
elevating, and distributing, all with the one machine, that it is 
tempting to designers of small jilants in which the amount of coal 
to he handled is so small that the first cost of the installation is of 
paramount importance. However, it is notewairthy that the 
installations at power .stations have generally been replated or 
supjilernented by other types of handling jilant. the reasons 
generally given arc high power cost, difficulties experienced with 
the air-filtering apparatus, and truuhle handling wet, slick} coal 

Conveying 

Conveyors may be divided conveniently into continuous con- 
veyors and intermittent conveyors. The continuous conveyors 
may he divided again into those which push or pull their load, and 
those which actually carry the material. One disadvantage of the 


505 



SOLID FUELS: STORAGE AND HANDLING 

t^^pes of conveyors that push or pull material along in a trougli is 
that friction consumes power and causes wear. The carrier t>pe 
is usually more economical in operation. The belt conveyor has 
come to be considered the most efficient of the carrier types, but 
the advantages of the principal types used in handling fuel will 
be discussed. 

( )ne of I he most interesting developments in coal conveying has 
not received the consideration it deserves. The conveying of coal 
by mixing it with water and pumping it through a pipe was 
worked out and perfected at the Hammersmith power station in 
1914, where it is still working. It is described in detail in the 
1922 edition of Zimmer. It is simple, cheap, and effective under 
certain conditions, and should not be forgotten. 

.SVn’71' or S fyiral Conveyor. As mentioned under ‘\Keeder.s,'’ 
these machines have a limited use handling certain fine materials. 
Although a very inefficient pusher conveyor lliere are occasions 
when they may be used to advantage distributing over short 
bunkers in small plants, where the coal is always small, and never 
wet or sticky, at capacities up to 30 ions i)er hour, and when low 
first cost is all-importanl. 'I'liey occupy little headroom and dis- 
tribute without attendance. 

Scraper Conveyors. These are made in different styles called 
push plate, drag link, U link, flight conveyors, etc., and are all 
chain conveyors with attachments for pushing or dragging 
material along a trough. They are not efficient conveyors in power 
consumption and wear, yet, under certain conditions they may 
perform work economically. This is especially true where the 
first cost of the apjjaratu.s is of greatest importance. Improved 
t} pcs arc much used to distribute coal over bunkers in small 
boiler houses and gas works. They are generally used in lengths 
under l.SO ft. and for capacities below 70 tons per hour. Their 
advantages are cheapness, low headroom, automatic distribution 
along their length without attendance, and ability to convey up a 
steep inclination. The disadvantages are high power and main- 
tenance costs, small capacity and inability to handle large coal. 
Sometimes used to make small storage piles, they dump the coal 
in a line which cones and segregates the sizes. The same machine 
is seldom used for reclaiming. 

Apron and fSin Conveyors These chain conveyors of the con- 
tinuous carrying type have been described as feeders, which is 
their principal use in handling coal. Their advantages have always 
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been ruggedness and high capacity. They are much used for 
conveying^ large pieces of heavy ore, hot materials, or for taking 
the shock as a feeder and then discharging gently to a cheaper 
but less rugged carrier of equally high cajiacity. Being all steel, 
with many wearing parts, they do not stand up well to the hand- 
ling of abrasive materials, such as coke As they can only 
discharge at their head ends they are not used to distribute 
materials, or for storing, but are ver> useful to collect materials 
from various feed points and deliver to another conveyor. Their 
aliility to carry up a steep incline is nientroiied again as ver> 
useful. 

Tipping Tray Conveyor. This is another chain conveyor of the 
continuous carrying type, somewhat cheaper and less rugged than 
apron and jian conveyors of equal capacity but more useful for 
coal carr) ing, as the}’ can distribute material, discharging through- 
out their lengths at any fixed or movable point or points. They 
can carry uj) a steep incline and handle hot materials. 1 hey arc 
freqiienlh' used in gas works to distribute coal and coke to 
charge and furnace hoppers of vertical retorts, and are very 
useful for such distribution to separated hoppers. 

lilcclrical Weigh Larry. Thi.^ is much used in moderate-sized 
[lower stations to distribute coal from a bin at one eml of the 
boiler room to the stoker hoppers Its use eliminates overhead 
bunkers and allows the construction of a skylight over the boiler 
room. It automatically weighs and records the weight of the coal 
delivered to each stoker. A bucket elevator or sklj) hoist is 
generally used to raise the coal to the elevated bin. ibis system 
IS siinjjle, inexpensive, and economical. It is preferable to the 
travelling w'eighing hopper, used under overhead bunkers, on 
account of greater simplicity and lower cost, although not having 
quite as much capacity. 

Siccl Bell Conveyors. These are much used for handling wood, 
in logs, planks, and timbers, as well as hog fuel, m the Scan- 
dinavian countries, and for handling bricks and wet, sticky clay. 
They ha\e been little used for coal and coke handling. They have 
obvious advantages, cheapness of installation, small headioom 
occupied, simplicity of construction, and discharge at any point in 
their lengths by scraping ploughs. Their principal disadvantage 
for bulk materials is that the conveying medium is a narrow flat 
band with small capacity. 

Rope and Disc Conveyor. An endless rope with discs or buttons 
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attached at intervals for pulling articles along a trough is much 
used in timber countries for conveying wood. It is* a cheap, 
easily constructed, and efficient machine for pieces of wood. It 
has been used as a cheap temporary method of making a coal 
storage pile, but its efficiency is very low with coal, its conveying 
capacity small, and the coal is dropped in a line so that it cones 
and segregates. 

Shaking Fan Conveyors. These have been little used by the 
users of fuel although much used by the producers of fuel. They 
are much used at collieries both under and above ground, though 
being used above ground generally for screening. Or^e type, the 
reciprocating pan, has been described as a feeder, but fln that use 
the pan is inclined too steeply to be used as a conveyor. It is 
probable that the wet, sticky coal, so much used by powtr stations 
and gas works, has limited its use in those fields. 

Belt Conveyors. These were in use 130 years ago as continu- 
ousl}^ carr)ing conveyors with Hat flexible leather belting. About 
50 years ago the canvas and rubber power transmission belts of 
that time were used to make flat belt conveyors to carry grain 
and other light materials. About 36 years ago Robins developed 
the rubber and canvas conveying belt for the carrying of heavy 
lumpy materials, and also the practical method of troughing a belt 
to give it great carrying capacity. Its first extensive use was 
carr 3 'ing the heavy abrasive mineral ores of South Africa, and 
now, although it is widely used to carry all sorts of bulk materials, 
even hot coke immediately after quenching, the majority of the 
world’s belt conveyors are probably carrying coal. 

The use of the belt conveyor has become so general and wide- 
spread that it is in danger of abuse. It looks such a simple 
machine that it is difficult to realise that years of costly experience 
and development were necessary to bring it to its present state. 
Each time an installation is made without that experience as a 
background some of the expensive mistakes of the past are 
repeated. 

Belt conveyors for coal and coke should be of strong, rigid 
construction and of the troughed type. The light construction 
and flat belts used to carry grain and other light materials should 
be avoided. All details of design should have relation to increas- 
ing the belt life. The design of the mechanical parts and supports 
of a belt conveyor greatly affects the life of the belt. When belt 
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replacement, costs are high, due to short belt life, it is generally 
the fault^of the installation and seldom the fault of good modern 
conveyor belting. 

All the wear of the material carried should be taken by the 
ruliber cover of the belt, and the canvas body should be considered 
only for tension and flexibility . b^xpcrience has shown that for 
each width of belt, and each material to be carried, there is a 
maximum belt thickness, above which the belt is too stiff to trough, 
and will spill material and not run straight. 7'here is likewise a 
minimum thickness below which the belt is too flexible and will 
spill material. Between these extremes the number of canvas 
plies and the weight of canvas to be used are matters of calcula- 
tion of the horse-power pull and not of opinion. ITie longer a 
conveyor is the better it is for belt wear, as the wear takes place 
only at the feeding point. 

Clearance^ should be ample to jireveiit the running belt rubbing 
against anything. Side guides should be avoided. In most cases 
proper design of pulleys and idlers will keep the belt running 
straight. The diameters of all pulleys around which the belt 
bends should be large enough to avoid extreme stresses in the 
belt. Thei'e should always be a dirt-light floor or deck between 
the carrying and return belts to prevent pieces of material drop- 
ping on the return belt and being pinched between it and the tail 
pulley. The designs of chutes, the proper width and speed of 
belt for different materials, and many other points are important, 
but are matters of experience. The starting up of new belt con- 
veyors should only' be done by a mechanic well experienced m 
belt convey'ors. The first month is the critical time, but after this 
is jiassed belt conveyor operation is a labourer’s job. 

The principal advantages of belt conveyors are their simplicity, 
low flrst cost, and high efficiency. Their high capacity is a laige 
factor in their high efficiency For small capacities they are often 
not the most economical, especially if the small capacity^ must be 
continually maintained. For such cases a belt conveyor of higher 
capacity', working a shorter period each day% is often more 
economical, if applicable. Between 30 and 50 tons of coal per 
hour, transporting up to a distance of about 200 ft., a belt con- 
veyor is well worth consideration. For higher capacities, up to 
2,000 tons per hour, and increasing the distance with the capacity, 
up to a maximum of about 3.000 ft., it seldom has a com- 
petitor. They are often used to elevate materials up an 
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incline, being a very efficient elevator when the capacity to be 
handled is sufficient and there is room available. The Ihaximum 
advisable incline for lumpy coal is 18 degrees. They are made 
reversible, movable, swivelling, raising and lowering, luffing like 
a boom, portable, to make storage and reclaim from store, for 
self-unloading sliips, with travelling stackers, etc. Unless 
mounted on a travelling bridge they store coal in a straight line 
which cones and segregates it. They distribute over bunkers or 
storage piles either by a travelling tripper or by using what is 
known as a reversible shuttle conveyor, which is generally prefer- 
able when conditions allow its use. 

The equable climate of Great Britain is kind to belt 'conveyors, 
but British engineers have every extreme to contend with in the 
various parts of the Empire. The icy winters and snow of North 
America affect belts little, but increase the power consumption 
due to thickened lubricating grease. In such inclement climates 
it is advisable to enclose belt conveyors in galleries as a protection 
to the men, so they will not neglect the machinery. In tropical 
countries a cover over the belt is desirable to shield it from 
brilliant hot sunshine. 

Aerial Ropeway. This is a very useful conveyor for cases that 
have not the high capacity or .short haul so suitable to belt con- 
veyors, or the long distance requiring railway haulage. When 
the distance to lie transported in feet is from ten to sixty times 
the number of tons to lie handled per hour, it is well to consider 
the aerial ropeway, up to a capacity of about 150 tons per hour. 
The economical distance is greater in mountainous country where 
a railway would be too costly. 

Other Canveyors. The use of the cable railway is declining in 
fuel handling and few^ developments or improvements have been 
made in it for years. The rope cableway is little used now" for 
coal handling. Railway trCvStle, or gantry, storage oi coal is de- 
clining on account of first cost and as the gantry legs in the coal 
seem to cause tires by contluctiiig air into the pile. Portable 
conveyors, or elevators, are useful for vei-y small storage plants 
such as retail coal dealers’ yards or the smallest of power stations 
or gas works. 

Ash Disposal 

When selecting the fuel-handling plant a decision must be made 
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on the question of handling the residue with the same inachinen . 
Separate^ systems are always provided in large plants where the 
amount of fuel used is enough to occupy the handling machinerv 
during the day shift. In small power stations where the coal may 
be handled in a few hours, the same conveying system is often 
used to handle coal and ashes alternately. However, where the 
abrasive action of the ashes would shorten the life and increase 
the maintenance costs of the coal conveyor, a separate system for 
each is best. In gas works, as the amount of coke produced is a 
considerable percentage of the coal used, if is seldom that one 
carrier is used for both materials, even in the smallest of the 
latest plants. 

In small and moderate sized power stations ashes are often 
handled intermittently by hand pushed cars, or skips, to an auto- 
matic skip hoist. In the largest plants immersed drag chain 
conveyors are often used, but the wear is great and maintenance 
high. Belt coiuexors are excellent for ashes, but only after they 
have been quenclied. The hydraulic sluicing system is developing 
rapidly, the continuous systetn has many disadvantages, but the 
intermittent sy stem with ash storage hoppers under the stokers 
and sluicing once a shift with high pressure nozzles is simple and 
economical. 

Storage and Reclamation 

Railway Stonujc For large seasonal storage piles, where the 
coal is kept in storage for a year or more, railway storage is 
usually the most economical means. It may also be used to advan- 
tage for small working storages where first cost of an installation 
is all-iin])ortant and operating costs not so important Some large 
gas works uiil(»ad wagons by locomotive cranes, or by hand, to 
the pile, and move the track sideways on the coal as the pile is 
made. Coal is piled from 12 to 20 ft. deep by this method with 
little danger of firing in ( Ireat Britain, yvherc the climate allows 
storage in Miinmer at moderate temperatures that tend to prevent 
heating The [lacking of the coal in the pile, by the weight of the 
trains, also retards heating ( )ne large gas works on the Thames, 
using this method, watches the temperature of the pile carefully 
and deluge.s a yvarm spot with y\ ater until it is cool again, i he 
difficulty of digging out a healed spot is the great objection to 
this method of storing. 

When the wagons are unloaded by cranes the grab loads of coal 
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may be placed in layers in the pile to avoid segregation of sizes, 
but with unloading by hand-shovelling this is not dofte and there 
is more danger. In India, where hand-unloading is done by 
coolies with baskets, segregation of sizes in the pile may be 
avoided, ])ut the high tropical temperatures keep the safe height 
of the piles down to 6 or 8 ft. 

When an initial ramp is not available and wagons must be 
unloaded on the ground level, locomotive cranes are generally 
used, and the coal is unloaded into long piles between parallel 
tracks. The coal s^hculd never be discharged from the grab at a 
heiglit and allowed to drop, roll, and segregate. What is called 
"spread i)iliiig” should be adopted, the grab being opeited close to 
the surface of the pile each lime, its load being deposited as a 
whole in one spot, and different spots chosen each time tp keep the 
surface as level as possible while building the pile. 

If the [)ile be rolled by a heav}^ roller or a heavy tractor after 
each la}'cr (jr two of coal has been added, the pile may be safely 
built to any size and height. A heavy caterpillar tractor, drawing 
an ordinary road scraper or drag, may be used to spread the coal 
from where it has been placed by the grab, and make a tightly- 
packed homogeneous pile. It is not economical to scrape coal 
back ve ry far from the track by this method, and if the distance 
to be scraped back is over 75 ft. a cable drag scraper, which has 
the same stratifying and packing action, should be considered. 

When coal or coke is to be stored from railway wagons that 
have been loaded at the works, a special self-unloading wagon is 
sometimes used to advantage. This, called a "coal taxi" or "coke 
taxi,” has a hopper holding 40 tons of coal, or 20 tons of coke, 
with an electrically-operated unloading and stacking belt conveyor 
attached. It is hauled about and operated by a small oil-diiven 
locomotive mounting an electric generator. The use of the taxi 
has definite limitations in capacity and length of haul, but when 
the job is within its limitations it is very economical. It is, of 
course, self-unloading on its return journey when reclaiming. 

Hand reclaiming from railway storage to wagons is declining, 
even where cheap coolie labour gives the lowest cost, because of 
its slowness and uncertainty. Grabbing by locomotive cranes 
has been the usual method of reclaiming, and where the cranes 
are also used for unloading and storing it is the most economical. 
The use of power shovels for reclaiming is increasing and lower 
cost with less breakage is claimed. Portable conveyors may be 
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considered as aids to manual handling. When used with good 
shovellers J:hey greatly improve on manual handling capacities and 
costs per ton, distributing from wagons, stacking, and re-filling 
wagons, for very small storage plants. They are, however, almost 
useless with labourers who are not used to shovels, such as the 
eastern coolies, who are used to baskets. A motor tractor with 
a lifting shovel attachment is a new development that may be of 
use to small plants for packing coal into store and later digging 
it out. 

Conveyor Storage. A storage made by an overhead conveyor is 
generally a small, or moderate sized, working pile, and seldom a 
large seasonal deposit. On this account liberties may sometimes be 
taken with the heating danger, and the coning and segregation of 
sizes are chanced. Reclaiming by a conveyor in a tunnel beneath 
the pile is much used. Some small plants have one gravity bucket 
elevator-convenor to take coal from the track hopper, elevate it, 
and deposit it into store, distribute over bunkers, and also reclaim 
from store This is an expensive type of storage plant, however, 
and usual!}' a simpler machine is used for the horizontal con- 
veying. Belt conveyors are much used for tunnel reclaiming, and 
the tunnel gates may be sealed air-tight for long storage periods. 
This method is useful for high capacities, but the tunnels are 
generally too expensive in first cost for any but large plants. The 
principal disadvantage with tunnel reclaiming is that, under a 
flat-bottomed pile, it only reclaims about half of the storage by 
gravity, and the remainder must be handled to the tunnel. 

The reclaiming conveyor is often placed on the ground and is 
fed by a power shovel or locomotive crane grabbing from the pile. 
The storing belt conveyor can be made reversible and the same 
conveyor used for reclaiming; a travelling hopper, with a feeder, 
on the conveyor, being fed by the grab or shovel. Sometimes the 
conveyor from track hopper to bunkers is used to distribute into 
a storage pile between the two, a crane passing the coal back to 
increase the store or reclaiming to the same conveyor again. A 
great variety of arrangements may be made with conveyors and 
cranes. 

Transporter Storage. This has been the type generally used for 
the elaborate and expensive installations for large plants. Its 
advantages are high storing and reclaiming capacities, a large 
storage capacity, and ability to dig from any part of the storage 
at short notice. Coals may be stored separately and reclaimed as 
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desired, and a hot spot may be dug out quickly. The largest 
working storages at plants are now made with variou** combina- 
tions of belt conveyors and transporters. The travelling Irans- 
porter is fed by a conveyor, and reclaims to it again as it works 
at any point in the length of the pile. The transporter discharges 
to the pile by conveyor and reclaims by grab to a conveyor. Such 
a pile is often 2(XJ ft. wide at its l)ase, 32 ft high, and any length 
desired The longest pile served by one belt conveyor alongside, 
at the present time, is 1,400 ft. long. By using a tractor to roll 
and pack the pile aS it is rnatle, the fire danger can be practically 
eliminated and the grab kept at useful work. 

This t\pe of storage is well worth consideiation fpr a working 
storage of 20, OCX) tons or inoie For 50,000 tons or iiiore il is the 
mo.st economical, and once it is installed it may be extended to 
double or treble its oiiginal capacily with little extra expense. For 
high-capacity storing and reclaiming, 200 tons per hour and over, 
combined wnth large storage capacity, it is gencrallv the best. 
Its great competitor now is the cable drag scraper system which 
should always be considered at the same time. 

Cable Drag Scraper Storage. This device is hecoming very 
popular for stoiing and reclaiming coal on the ground. As 
usually installed, the coal is delivered by conveyor or elevator 
to an initial pile, from which the scraper spreads it to cover the 
storage area. The scraper can dig from any part of the storage 
and deliver to a hopper, from which other devices elevate and 
transport the coal to the bunkers. It also can reclaim to a hopper 
which loads railway wagons by gravity. 

These systems have been luiilt for capacities from 40 tons per 
hour up to 500 tons, based on an average haul of 100 ft. The 
storage area can be of odd shape and need not be level. The coal 
is stored homogeneously in thin layers and the entire area is 
covered. Only one operator is necessary. Coal is reclaimed from 
any part as fast and as easily as it is stored. Fires seldom occur, 
due to the way the coal is piled and packed, but they can easily 
and rapidly be dug out of any part of the pile, and 
the hot coal spread out to cool, with the operator at a distance. 
The system is very mobile, and will fit any other storage area to 
which it may be moved. The first cost is low, as is also mainten- 
ance, which consists in replacing worn cable. Labour cost is very 
low, the operation being simple. 

The three disadvantages are coal breakage, cable wear, and 
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shifting thti tail blocks, but these are not very serious. The 
system il generally used for power stations or gas works where 
coal breakage matters little. There is difference of opinion as to 
breakage; however, some locomotive coaling stations use it and 
the operators maintain that the scraper can be handled to avoid 
breakage. The rope is pulled back and forth over the storage 
pile and with abrasive materials the rope wear is high. With coal, 
however, which is graphitic in nature, the rope wear is about the 
same as on a locomotive crane. Moving the tail blocks is simple in 
the smaller systems, but for a large system it is best to use a 
moving car, on a track around the outside of the storage, to carry 
the tail blocks, instead of using post anchorages. 

Everything is simple and straightforward except the scraper 
itself, which is the heart of the system, and although it is a little 
thing, it can make, or render useless, the whole installation. The 
shape of the scij'per, and the manner of its attachment to the 
hauling cable, are all-important. In opeiation, after digging out 
its load, the scraper slides along over the top of the pile. A 
peculiar shape and method of slinging achieve this and are the 
result of expensive experience One should be cautious of un- 
tried types of scrapers. 

Undcrvcalcr Storage Railway storage in pits filled with water, 
reclai ming by locomotive crane, transporter storage, and cable 
drag scraper, are all u.scd for underwater storage. The dis- 
acl vanKiges with all are the detcrioratiem of grabs or scrapers 
wcaking in water. The system in general works under great 
difficulties in cold climates with much freezing weather, but m the 
tropics it T' at its bc.-^t. The coal grabbed ficm the depths is 
sometim'^' piled on the coal above water to dram and dry before 
using. It i^" iiilercsting to note that at the great Government coal 
storage plants in the Panama Canal zone, which have been using 
both ground and underw’ater storage systems for years, the under- 
water systems have lately been given up. This indicates that open 
ground storage of coal is considered safe under tropical 
conditions. 


ZUS AMMENFASSU NG 

Es wird ein allgemeiner Uberblick fiber das weite Gebiet der Fdrder- und 
Verladeeinrichtungen fur feste Brennstoffe, wie sie im ganzen bntischen 
Reich venvendet werden, gegeben. Die wirtschaftliche Seite dicser Anlagen 
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wird besprochen. Die wichtigsten Verwendungsweisen undr -grenzen der 
verschiedenen Systeme werden behandelt und wirtschaftliche Vergleiche 
gezogen fiir das Ldschen von Schiffen, Entladen von Bahnwagen, Zubringen, 
Heben, Fdrdem und Lagem, wie auch fiir die Behandlung von Asche. Beim 
Auswa.hlen des geeignetsten Systems zu beachtende Gesichtspunkte werden 
mit Bezug auf Anschaffungs-. Betriebs- und Unterhaltskosten entwickelt. 
Die Verhutung der Selbstentzundung gelagerter Kohlen wird ausfiihrlich 
besprochen und verschiedene Lagerungssysteme beschiieben. 
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STORAGE AND HANDLING OF SOLID 
FUELS BY THE USER 

DR . W. R. CHAPMAN 

1 There are four papers presented to this section of the Confer- 
ence, entitled : — 

1)1 ‘"Methods of Control, Preparation, llandlin}^, and Storage 
of Coals by the National l<.ailvvays of Belgium” 

( Ilelgiiini), by H. Chenii. 

1)2 “Storage and Handling of Leniatang Admiralty Coal” 
(Dutch East Indies), liy C. J. Wally 

1)3 “Storage and Handling and Transport of Ombihn Coal at 
Emmahaven” ( Dutch East Indies), by D. Alleinand. 

1)4 'The Storage and Handling of Solid Fuels b} the User” 
(Great Britain), by R. K. Stockwell. 

The subject matter dealt with in these papers may be divided 
under the following headings : — 

(a) Storage. 

(b) Loading into storage or into ships, etc. 

(c) Unloading. 

(d) Handling by the user. 

(^) Blending arrangements. 

(/) General. 

2 Chenu’s paper (Dl) describes the coal-mixing plant used by the 
Belgian State Railways to ensure the use of a uniform quality of 
fuel, and the arrangements made for fuelling locomotives at 
stations of various sizes. It deals at some length with the 
chemical control necessary for the success of the mixing plant. 

3 The coaling arrangements at two East Indian ports, Kertapati 
and Emmahaven, are described by Wally and Allemand (D2 
and 3). 
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4 Stockwell’s paper (D4) describes the plant used in handling 
coal for a variety of purposes. It summarises the^ relative 
advantages and disadvantages of different methods, and might 
well form the basis of a more extensive work on the subject. 

(a) Sloracjc 

c The ^^eneral rules to be observed in storing coal are described 
in D4 (p. 2), the methods of avoiding and combating spontaneous 
combustion being considered. 

{h) Loadwfi and Stonujc Plant 

5 b)4 summarises the various methods and forms of plant used 

for storage and reclamation (p. 511). The methods of storing 
coal are : — ' 

1. Railway storage, most suitable for large quantities and long 
periods. 

2. Conveyor storage, most suitalile for small working piles in 
which liberties may be taken with the heating danger, 

3. Transporter storage, for elaborate installations requiring high 
storage and reclaiming capacities. 

4. Cable drag conveyor, for general ground storage. 

5 Storage under water. 

y The special coal storage houses at Emmahaven are described in 
13,^ (p 4S1) 'rile v\ agons discharge from the w'hole length of an 
upper store) into the storage space, the floor of which is above 
ground level and is inclined in order to facilitate the discharge 
of the coal into special wagons for transport to the ships. 

3 At the docks, the arrangements for loading into ships vary 
according to whether the bunkers have hatches easily accessible 
from above and from the sides, or whether they arc small and in 
the galleries. IVtanual labour is used in the last case, hut otherwise 
a tipping arrangement and a pair of cranes are used. 

(r) Unloadinij 

^ The unloading of water-borne coal is a very important matter 
at a number of gas works and power stations, and the prospect 
of the erection of large power stations on the main rivers of 
Great Britain (such a site being necessary to obtain an adequate 
water supply, as well as to reduce transport charges) make it 
increasingly important. 
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10 J)4 (p 495) clescrihes Ihc princi])al means employed and the 
factors to be considered as rej^ards capacity, cost, flexibility, etc. 
Locomotive cranes and transpoi lers are compared. In smaller units, 
cranes are more able to cover the hatch area and save linnmin^ 
With laii^er sizes, however, there is little to choose. The com- 
petition between the two has led to the de\'elopmenl m ( neat 
1 Britain of excellent tyjies of fast, hi^h cMpacity, ^ralTiipe cranes, 
not made abroad. 'Fhe trans]jorter has a sniiplei mechanism tliaii 
the crane, and can hoist hij.iher and deliver liit;her on shore 

11 The one-man trolles t\i)e of tiansjiorter (j). 4‘f7 i js lasomed on 
the C'ontmeiit, and m \merica it has h('en develojied on the ( ireat 
J.akts. The ro[)e-oi»ei ated t\pe of trans]»orlei is used in iXmenca 
with hiijh lojie speeds and lai^e t<ipacities 

12 d'he teljiher (]). 49S) is suitable for small [ilaiils where ratndity of 
oischarj^e is not important I'eljihers stoie m a straight line, and 
thus cause coning and seereination of tlu* coal 

Ij I'or imloadm^^ railwa\ w a, eons tiack lioppers ma\ be used v\ilh 
bottom-dimi]) wagons ti) 49‘L 'bins method is .ulopted with the 
iO'ton wagons m the North of baieland fiack ho])pers should 
(iiil) be iis'ed to clear coe.l and no; f»ir sloi.iee 

14 ri[)plers, lifting one end of the w a^on for end discharge, and 
designed to avoid tlie old difticiill\ of the buffers hitting the 
track above a certain slojie, are described ( j). 5(M)) l)um[)ers 
(]). 501) are of tw'o forms The\ ma\ lift the waj.>on in a cradle or 
revolve it in a ca^e A receiitlwdex elo[>ed third type is described, 
which elevates the wai^on before emi)t\in|[i it U nun be used to 
})re\ent breakaj^e. I'he revoKinj.,^ tvjie is commonlx used at 
lollieries for dischari^in*,^ the pit tubs on to the screens, and is 
(»ften called a tippler 

[d) Ilandlifuj by the User 

15 The methods of fuelling locomotives of the Telj^ian State Rail- 
ways is described in 1)1 (p. 462). Blended coal is distributed 
to 100 fuellin^r stations. At the smallest stations the fuel is re- 
claimed from a dump by cranes. At more important depots 
(p. 463), the coal is enijitied from the track wui^mns into small 
special vva^^oiis, which are taken by a lift to a platform above the 
tenders. These loading platforms pay for themselves rapidly, 
especially by reduction of the idle time m loading and the 
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increased traction time. In the more important stations the coal 
is delivered to an underground hopper, elevated bjr ^ bucket 
elevator, and distributed to special loading towers by a scraper 
conveyor. 

1 6 The equipment required for feeding, elevating and conveying 
coal and coke, is described comprehensively in D4 (pp. 501-510), 
To make the description even more comprehensive, a paragraph 
or two on appliances for measuring quantities of coal or coke 
might have been added. 

17 The gravity bucket elevator is much used in gas wprks and 
power stations, but its use to bring out the ashes as well elevate 
the coal is declining. Skip hoists are also widely empl<ij^ed for 
small stations, especially for lumpy material. The drdinary 
bucket elevator described is that commonly found in gas\ works 
and power stations, but a more rigid form is usually preferred at 
collieries, say for a washery, the buckets being then mounted on 
links placed on edge and driven over drum heads rather than on 
chains driven by sprockets. 

18 Pneumatic conveying is described. Despite its simplicity the 
system is costly, and difficulties are experienced with certain 
materials and in air filtering. 

19 The conveying of coal by mixing it with water and pumping, as 
done at the Hammersmith power station, is recommended for 
consideration. 

20 The merits of belt conveyors arc discussed (p. 508) at some 
length, and the need of a very careful design is strongly urged. 

(r) Blending Arrangements 

21 The advantages which research suggests will accrue to the 
carbonisation (and other) industries by using blended coals are 
impeded by the practical difficulties of carrying out the blending 
operation. This renders all the more valuable the description in 
D1 of the mixing plant employed by the Belgian State Railways 
(pp. 459-462) 

(/) General 

22 Attention may profitably be directed to the arrangements made 
by the Belgian State Railways to ensure the supply of a uniform 
coal to their locomotives (Dl). This necessitates the blending of 
coals from 200 sources and their distribution to 100 sub-stations. 
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One large central laboratory and three analytical laboratories are 
engaged in examining coal samples which are required partly to 
control the mixing and partly to determine the price paid for the 
coal according to a pre-arranged scale (price increased or de- 
creased by 2 \ per cent, per 1 per cent, of ash below or above 
\ 2 \ per cent., and decreased by 1 per cent, per 1 per cent, water 
above 5 per cent.). These arrangements must be very costly, but 
they show how much more attention is given to the study of the 
correct use of coal than is the case with many British fuel con- 
sumers. 

25 No mention is made in any of the papers of the storage, trans- 
porting and handling of powdered fuel, and some attention might 
profitably be devoted to this in the discussion. 
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WEDNESDAY, SEPTEMBER 26 (mORNING) 

Section 1) 

STORING AND HANDLlN('i OF SOLID FUELS BY THE 

USER 

Immediately after the meeting of Section C, a meeting of Section 
D. was held, also under the Chairmanship of Prof. R. V. ^'heeler. 
The General Report on the sub;ect was presented by Dij. W K. 
Chapman. 

Dr. R. Lessing (Great Britain) opened the discussion again as 
Vice-Chairman, and remarked that the sub](‘ct of the storage 
and handling of coal was not entirely an engineering one. The 
question of spontaneous combustion during storage had attracted 
a considerable amount of attention, and as regards ships the Iniel 
Research Board had done a coiisideralde amount of w’ork in investi- 
gating the problem of fires in ships coming into British ports. 
Blending of coals, in order to obtain from several sources a homo- 
geneous material, was entirely a matter lor the engineer, whilst 
facility in drawing samples was another important point in relation 
to storage. No amount of standardisation of analytical methods 
would avail as long as w^e were not in a position to draw repre- 
sentative samples from the consignments. The breakage of coal 
in transport was a serious matter. He did not think he exaggerated 
when he stated that the commercial side of tlu* coal trade was based 
on the question of size of coal. Personally, he had often main- 
tained that the size which was so greatly desired by the buyer of 
coal and particularly the foreign buyer was really nothing but an 
implied guarantee of purity in the absence of chemical analysis. 
Nevertheless, it was wanted and the commercial community had 
to satisfy the want and try and preserve the coal m the sizes in which 
it was mined. The handling arrangements to-day were very 
faulty in this respect, and it was a tact that coal lost as much as 
10 per cent, of its useful sizes by disintegration between the colliery 
and the port, whilst another 10 per cent, might be knocked off in 
the few seconds during which a coal truck was discharged into the 
hold of a vessel. FYom the commercial point of view this was a 
very serious matter, and the proper design of handling methods 
which would preserve the coal in its original sizes and lead to a 
minimum of breakage was of the utmost importance. None of 
the papers dealt with the storage, transport and handling of pow- 
dered coal, but it would be of great use if the discussion elucidated 
some of the more recent experiences with the pumping of coal or 
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transport by pneumatic means. On the Continent, and parti- 
cularly ii^G^many during the last three or four years, the transport 
of powdered brown coal or powdered semi-coke made from brown 
coal had extended to a very remarkable degree, and the number of 
specially designed tank wagons for this purpose was rapidly in- 
creasing. In this country, he was in a position to say that .steps 
had been taken in this direction and at the moment special wagons 
were being put into service for the conveyance of coal dust from the 
colliery to the consumer, that is, dust wagons had been specially 
de.signed for the purpose in order not tf) allow the dust to consolidate 
to a mass which would not be handled by air currents at the con- 
sumer’s end, the wagons being discharged by fhe sim])le application 
of compressed air into the bunker. 

Mr. W. S Edwards (Great Britain) said that in coke ovtu products 
in the United States, it had long been the custom to provide suitable 
means for mixing the coals, and to make provision for ad] listing 
the mixer to secure such varying degrees of blending as might be 
required. At some plants as many as six different kinds ot coal 
were mixed together to make a charge while m a gre-al many 
instances it was common practice to mix four kinds. The necessity 
for exactly proportioning the different kinds of coal making up a 
charge and of being able to alter these proportions easily, vet 
definitely, to any new combination required by a change in coal 
received and also to mix tog(‘thei intimately the different kinds of 
coal, led to the development of the mea.surmg coal mixer ol which 
man\' ixxamples had been working ior some yi'ars m the United 
States bv-product plants The various qualities of coal to be mixed, 
whether four or more, were segregated m a series of coal bins each 
having a capacity of from 50 to 100 tons. The.se coal bins might 
be arranged above ground level, in which case the\ wt*re fed by some 
suitable system of inclined belt conveyors, or m .some instances 
the\' were arranged below giound level iind were super-imposed 
by a .suitable lavout of railwa\' tracks trom which the coal could be 
dum])ed direct from thi^ railwa\ wagons into the raw coal bins 
The uiider.side of fhe bins tt‘rmmatt“d in suitable chutes ])ro\aded 
with radial cut-off gates which were installed for the purpo.se of 
isolating anv ]iarticiilar bin. h'ollowing the radial cut-ofl gate was a 
special adjustable gale which rcgul.ited fhe thickness of the stream 
of coal on a short belt conveyor which was provided with si)ecial 
idlers and steel skirt boards enabling it to carrv a thick bed of coal. 
The height of this bed was determined by the special adjustable 
gate. Thus, fhe speed of the belt being known and fhe cro.ss- 
scctional area of the bed of coal carried being easily determined 
by adjusting the gale, the volumetric measurement of the coal was 
exact for each conveyor and might be increasixl or decreased at 
will. There would be a.s many belt convevors as there were different 
clas.se.s of coal to mix, all of which converg(*d to a central j:)oint where 
they delivered their coal to a common chute leading t(^ the Hammer 
Mills which prepared the coal cn route to the ovens. At some plants 
the exact proportioning of the different kinds of coal to be mixed 
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was of great importance. A change of mix, such as might be 
accidentally caused by the stoppage of one kind of coal,* might make 
a swelling charge or create some other serious contingency. To 
guard against these happenings, the volumetric and speed controls 
were locked after being set, and could only be altered by the super- 
intendent, chemist or whoever had charge; the chutes from the 
bunkers overhead were very large, to give the coal free passage 
and avoid arching, there was an arrangement on each conveyor 
which in the event of a failure of coal for that conveyor would make 
an electrical contact that rang a large alarm bell and automatically 
shut down the whole mixer; and also in the event of any conveyor 
stopping from any cause whatsoever, the alarm bell rang and the 
remaining conveyors were immediately automatically stopped. 
As a rule the coal was cleaned of foreign matter and brokci^ to 1 J in. 
or IJ in. before mixing. In the case of a number of installations, 
the coal after leaving the track hoppers was conveyed by a system 
of inclined belt conveyors to the top of the mixer house whe^re there 
was installed a Bradford breaker. These breakers remeWed all 
foreign matter such as pieces of iron, steel, wood, slate, hone, coal, 
sulphur balls, etc., break the coal to \l in. and discharge to the raw 
coal bunkers feeding the measuring mixer. Generally there was only 
one belt conveyor to the breaker, and one kind of coal only was 
handled and broken al a time as far as the raw coal bunkers. Tlie 
hammer mills directly under the mixer pulverised the coal to the 
size required, and discharged to the belt conveyors leading to the 
fine coal bin the oven charging machines. 

An alternative system which was sometimes adopted, consisted of 
arranging a series of bins at track level each feeding into a recipro- 
cating or shaking feeder provided with a variable stroke by means 
of which a fairly close regulation of the amount ot each quality of 
coal be delivered might be .secured, these feeders discharging their 
coal on to a common belt conve}^ leading to the pulveriser house. 

As regards loading plant, probably this was not covered in Paper D4 
because of it being a form of handling more necessary to a producer 
or shipper of fuel than to the user. The loading staithes on our 
own north-east coast and the coal hoists of Wales were well known, 
but perhaps the belt conveying method of loading ships with coal, 
ores, stone and other bulk materials was not so well known on this 
side of the Atlantic. There were, however, several such installations 
in Great Britain and numbers in Spain and on the African coast of 
the Mediterranean, a very large belt conveyor ship-loading plant 
for coal at Durban, South Africa, and another large one on the 
Island of Spitsbergen in the Arctic Ocean. 

In most of these a system of belt conveyors conveyed the coal from 
the truck hoppers or open storage piles direct to the dock side and 
loaded into ship by means of a hinged belt conveyor that was raised 
or lowered to suit the height of tide or height of ship and to reduce 
breakage. A telescopic chute was often used to reduce breakage. 
Sometimes this hinged boom conveyor was mounted on a travelling 
tower which would move from hatch to hatch and save moving the 
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ship while being loaded. Great capacities were obtained with 
conveyor-loading, 300 to 1 ,000 tons per hour being common, while the 
record was«some 3,600 tons of coal into a ship in a single hour in a 
plant at Baltimore. Labour was very productive with this type of 
loading plant. At a ship-loading plant in Spanish Morocco with 
which he was familiar, 40-in. wide Robins belts were used. These 
took iron ore from the storage bin and loaded it into ship at the rate 
of 1,000 tons per hour, loading a 5,000- ton ship in half a day, all the 
operations being handled by eight men. 

Capt. S aw (Great Britain) referring to spontaneous combustion 
in ships, and the investigations of the h'uel Research Division 
mentioned by Dr. Lessing, said that .some 250 .ships had been during 
the period July 25 to March 28 examined as result of there having 
been fires in bunkers. The causes of these fires divided them.selves 
into three classes. In the first place one of the least known cairses 
of fire was the fact that if, under certain circumstances which not 
infrequently prevailed, fresh coal was shot into a bunker in which 
there was some coal left from the previous voyage a tendency 
existed to create a rise m temperature owing to oxidation at the 
junction of the two coals. Another cause was the passage of air 
through the coal due to leaky bulkheads, but the most common 
cause of fire was one which was so simple that it was surprising it 
should be allowed to exist. Coal was often stored in a close proxi- 
mity to boilers and other sources of heat without any attempt at 
suitable lagging or air casing, with the result that it became heated 
to the .self-ignition point. So far it appieared that ship owners 
were not sufficiently alive to this danger to guard against it. wSome- 
thing like 60 per cent, of the fires in bunkers on board .ship were 
due to this cause, which was certainly preventable. 

Lieut.-Commandek H. W. Brooks, U.S.N.R. (U.S. A.), speaking 
with regard to the use of pulverised fuel said there were two sy stems 
in. u.se, viz., the “direct fired” or “unit” .system which involved no 
storage, and the so-called “storage,” “indirect fired" system or 
“bin and feeder" .system, which did. Powdered coal m America was 
used originally in the cement industry, and there the storage .system 
was almost universally employed. 1 1 was also used in the metallurgical 
industry which, with he believed two exceptions in America, u.sed 
exclusively the storage system. In the early days of the use of 
powdered fuel for boiler plants, storage systems only were used, but 
more recently, especially for the smaller installations, the “direct 
fired" or “unit" system had been more popular. He had made an 
estimate not long ago for the National Coal Association of America 
of the number of boiler plants operated by powdered fuel, and it 
was found that there were three or four “direct fired" systems in use 
to every one “indirect fired" installation. However, generally 
where the unit system was applied, the quantity of coal used was 
relatively small, so that in total number of tons burned annually 
there was probably as much fuel used for boiler purposes by way of 
the one system as by way of the other. 

The latest application of powdered fuel was to marine purposes. 
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The earliest experiments were upon H.M.S. Skylark, during the war. 
She operated within a short radius of Great Britain, using coal 
ground on land. Experiments were carried out at the same time 
in the United Stales steamship Gem, a scout patrol, which also 
used coal ground on land. Both these experiments were carried 
out at a time when we did not know a great deal about high heat 
releases per cu. ft. of furnace volume in powdered coal furnaces. 
After the war it was found uneconomical to continue this method 
of firing marine boilers as commercial practice The matter, 
however, had been taken up again during the ])ast three or four 
years and a certain amount of success had been obtained with the 
“unit” or “direct fired” system. One of the main difficuUies for 
marine purposes was ^o divide the pulverised coal up eqiialh’ and 
uniformly into a number of streams to the various burners or furnaces, 
and a very large number of devices had been tried with tl^at object 
in view He had .seen a whole stack of patents on tin* subject\of secur- 
ing a continuously equal distribution between subdivided streams. 
A number of experiments, looking for the solution of this |\iol)lem, 
had been carried out at the Philadelphia Navy Yard, which now" gave 
promise of considerable success. This problem of distribution had 
also l)een the cau.se of most ol the difhculties on the s.s. Mercer, 
with which many people were familiar. This whole maiine problem 
was a matter for international co-operation Those who were 
working at the matter in the United States w’ere pert(‘Ctl\’ willing 
to exchange their ideas and experience and would like* to ilraw' upon 
th(' ('Xjienence and exjienments of other countries. 

Another application of jiowdered fuel wiiich had been attempted 
in America, but which he believed had been since carried out w'ith 
greater success in Europe, wasin connection with lailw^ay locomotn e 
firing. So far that had had to be a true storage system, the loco- 
motives being fed with powdered fuel from cential jHih'enser 
stations. Some ten wars ago, for ap]>ro\iinalel\' from three* to live* 
years, efforts had been made lo work ]K)wdeie(l fuel siiccessfnlh’ 
on the Missouri, Kansas and Texas KailwMV, on tlu* Santa h'l* 
Railway and the NTwv \'ork Central Railway, but uj) to dati* it had 
not worked with any d(*gret* of .success. In this case it w"as not so 
much a question of distribution to the bin ners as that of heat 
release per cu. ft. of furnace volume, and what the succe.ss with 
railways was likely to be w"ould depend upon the extent to which 
this jiroblem was overcome* lie was hoping that .soon some of 
tho.se on this side of the Atlantic would be able to throw inon^ light 
on that matter. 

Speaking of the matter in which the storage system is working 
in N’arious undertakings in the United States, the stieaker said 
that in the early days, Inicket conveyors were largely u.sed and there 
were also pneumatic conv(*yor systems using all the air lor com- 
bustion as “carrier” air. iVactically all the fires and explo.sions 
which occurred with y)owd(*red coal in the early days, which gave 
it a bad name then, were due either to sjiarks being transmitted 
through th(* transport system or to heat generated l^y the bearings 
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of the bucket conveyors. There was an interesting story as to how 
the present solution of the conveying problem of powdered coal 
was ari^vefl at. For a period of about a year six investigations 
were put to working out six different systems, but none ol them 
got particularly good results. One day, due to carelessness, a leaky 
air hose was dropped into an open barrel of powdered fuel and later 
the barrel was accidentally tipped over. To the surprise of the 
inventor of the system, Mr. Alonzo Kinyon, now deceased, who 
chanced to observe it, the powdered coal ran like water or a fluid. 
Further experiments were at once undertaken and it was found 
that by aerating the coal with a quantity of air amounting to a 
fraction of 1 per cent, of that necessary for combustion, the powdered 
coal could be made to flow in a quite sati.stactory manner. Only 
one other attemyit had been made before that, I'iz , the so-called 
Quigley system, which used compres.sed air and "blow tanks" under 
pneumatic yiressure to force the coal through in .slugs. He did not 
wish to give the impre.ssion, however, that this was obsolete, because 
it was still being used in some ca.ses with great success. However, 
90 per cent, of the coal transj)ort as regards jiowdered fuel in America 
was now by the Kinyon system. As regards the handling of the 
coal in the tuns, there was insuflicient air in it to cause combustion 
spontaneoirsly and flres which now occurred were due to sparks 
from outside sources. Generally .speaking, however, tfie danger of 
Are had be(‘n eliminated, because the bins were kept air-tight and 
as soon as a tire developed it could be at once quenched by cutting the 
air off. 

On the’molion of Mr. R. P. Sloan, C.P> IC. ((ireat Britain) a hearty 
vote of thanks was pa.s.sed to the Chairman, Vice-Chairman, authors 
of the papers and sj)eakers in the di.scussions. 
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As the major jiroblcm of the oil industry since the war has been 
to product? sufficient fuel for the automobile industry, this paper 
will be directed to the study of the price of gasoline (petrol). To 
the man in the street (he fluctuations in the price ol gasoline must 
be a mystery. The popular impression is that these price move- 
ments are made at will by the big oil combines whose only economic 
principle is expressed in the dictum: "the price of petrol is what it 
will fetch." That is a crude way of expressing the fundamental 
truth that oil prices are determined by the conditions of supply and 
demand. The trouble is that these conditions are generally too 
complicated for the man in the street to comprehend. 

(1) Increase in the ('onsnmption of Gasoline. 

The United States handles over 80 per cent, of the world's gasoline 
trade. The following table will give some idea of the enormous 
increa-se whicli has occurred since 1899 in the American domestic 
consumption and exports of gasoline as compared with the other 
major products of crude oil — ^kerosene, fuel oil and lubricating oils. 

It will be seen from this table that tlie consumption of gasoline 
(American domestic consumption and exports representing over 
80 per cent, of the world's turnover) in 1927 was 5025-7 per cent, 
greater than in 1899 and 885 -3 per cent, greater than in 1914. This 
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TABLE I. 

U.S. DOMESTIC CONSUMPTION AND EXPORTS OF MAJOR 
REFINED PRODUCTS 
IN THOUSAND BARRELS 



Gasoline 

j Kerosene. 

Gas and 

1 fuel oil. 

1 

Lubricating 

oil. 

Total. 

1899* 

6,679-5 

29,966-5 

7,227-0 

4,745-0 

48.618-0 

1904* 

6,954-0 

32,317-8 

! 8,564-4 

7,503-0 

55,339-2 

1909* 

12,848-0 

39.894-5 

i 40,515-0 

12,775-0 1 

106,032-5 

1914* 

34,748-0 

46.063-0 

1 88.184-0 

12,337-0 

181,332-0 

1919 

90,629-5 

56.538-5 

; 177.718-5 

20,148-0 

, 345,034-5 

1920 

1 16,461-2 

' 53.911-8 

205,692 0 

24,302-4 

400.3G7-4 

1921 

120,194-5 

1 47,377-0 

1 215,788 0 

18.943-5 

402.303-0 

1922 

141.693-0 

1 56,173-5 

1 256,595-0 

2 : 1 . 433-0 

^ 477,894-5 

1923 

177,025-0 I 

I 55,224-5 

1 290.649-5 

25.586 5 

\ 548.485-5 

1924 

213,378-0 

62,183-4 

! 326,838-0 

27,157-2 

\ 629.556-6 

1925 

255,317-5 

61,174-0 

342,297-0 

30,295-0 

; \ 689.083 5 

1926 

305,140-0 

60,371-0 

375,913-5 

31,974-0 

1 \773, 398-5 

1927 

342.370-0 

57,086-0 

388,871 0 

31,426-5 

1819,753-5 

i 


* Production figures. Others not available. 


represents an average annual increase of 68 1 per cent, for the 
thirteen years since 1914. No other industry has had to meet such a 
call for manufacturing expansion. I am not making any unfair 
comparison as between 1914 and 1927 because the consumption of 
gasoline in 1914 was not abnormally low. In fact, the increase in 
its consumption for the ten years prior to 1914 had averaged 40 per 
cent, per annum. 

This remarkable increase in the demand of gasoline followed upon 
the rapid growth of the American automobile industry, which is 
shown in the next table: — 

TABLE II. 



Registration of all cars. 

Domestic demand 
for gasoline per car. 


in U.S. 

gallons. 

1916 

3.584.567 


1917 

4,970.671 

475-8 

1918 

6,105,588 

512-5 

1919 

7,596,503 

452-2 

1920 

9,206,141 

461-7 

1921 

10,505,630 

429-9 

1922 

12,299,770 

436-7 

1923 

15,312,658 

429-9 

1924 

17,605,495 

441-3 

1925 

19,857,915 

473-5 

1926 

22,046,957 

498-8 

1927 

23.302,668 

536-9 
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The registrations of American motor vehicles in 1914 were 
1,711,33^ those in 1927 were 23,302,668, showing an increase of 
1261 -7 per cent, over those of 1914. The total registrations of all 
motor vehicles for the world are estimated at 29,687,499 for 1927, 
as compared with 2,177 000 for 1914, an increase of 1263.7 per cent. 

(2) How the Greater Demand for Gasoline has been met. 

Before the war the only way in which the rapid increase in the 
demand for motor fuel was being met was by the production of a 
larger amount of crude oil for the manufacture of what is called 
“straight-run” gasoline. The crude oil output of the United States 
was increased from an average of 156,358 barrels a day in 1899 to 
728,1 16 barrels a day in 1914, an increase of 365-7 per cent. Since 
1914 the American output of crude oil has nsen to a daily average 
of 2,460,000 barrels, which is more than 3^ times as large as the 
output in 1914, but while this increased crude oil production was 
more than sufficient to meet the demand for kerosene, gas and fuel 
oils, it would not have been sufficient to meet the greater demand 
for gasoline if gasoline had been manufactured by the same methods 
as in 1914. 

In 1914 the amount of gasoline recovered in the United States was 
equal to 18-2 per cent, of the amount of crude oil refined, a recovery 
which showed a considerable improvement in the rehning methods 
since 1899. But that 18*2 per cent, recovery to-day would be 
hopelessly inadequate to meet the demand for gasoline that has 
developed since 1914. On the basis of an 18-2 per cent, recovery 
it would have been necessary to refine more than 5,153,800 barrels 
of crude oil a day in 1927 in order to provide the 938,000 barrels a 
day of gasoline which were consumed in and exported from the 
United States. In other words, if only 18-2 per cent, of gasoline 
were being recovered from crude oil to-day the American oil industry 
would have to double its 1927 output, although that was a record 
year of tremendous activity in the American oil fields. 

It had become obvious before the war that in order to meet the 
rapidly increasing demand for motor fuel, a larger amount of gasoline 
would have to be recovered from the “wet" casinghead gas or dry 
natural gas, and that some part of the heavier products of the crude 
oil remaining after the gasoline had vapourised off would have to be 
converted or “cracked” into gasoline. Before 1912 cracking had 
only been used to a certain extent in the production of kerosene, but 
since the war the cracking of fuel oil for the production of gasoline 
has been steadily developed. Table III. shows the total amount 
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of gasoline produced in the United States since 1919 and the pro- 
portions accounted for by the production of "straight-ruh” gasoline, 
natural gasoline and cracked gasoline. The final column shows what 
percentage of the crude oil throughput at refineries the "total" 
column represents: — 


TABLE III. 

U S riASOLINE PRODUCTION— IN THOUSAND BARKKT.S 


1 

1 

1 

Straight 1 
run 1 

Cracked 

(a) 

1 Natural 
! gas gasoline 

Total 

! Per cent of 
j tliroughput 

1919 1 

81,288 ; 

10,000 

2,957 

94,235 

1 25 9 

1 920 i 

98,098 ' 

15,000 

' 3,153 1 

116,251 

' 26 6 

1921 ' 

100,187 

20,000 

2,517 1 

122,704 

' \ 27 5 

1922 ‘ 

114,010 

30,000 

: 3,062 

147,672 

\ 28 4 

1923 

139,41(3 

35,000 

1 5,487 1 

179,903 

30-4 

1924 I 

100,654 

40,000 

! 12,671 

213,325 

31 7 

1 925 1 

171,383 ; 

68,582 

' 19,(336 ' 

259,(301 

' \ 32 5 

1926 1 

181,599 

93,730 

24,399 ‘ 

299,734 

' ' 35 3 

1927 i 

197,282 ' 

101,224 

32.1(31 

330,0(37 

36-7 


(a) EstiiTiatcd 1919-1924 


It will be seen that since 1919 the j^roduction of natural gasoline 
has increased by 987-6 per cent and th(‘ manufacture of cracked 
gasoline by 912-2 per cent. Hv these means the production of gaso- 
line per barrel of crude oil raised from tht- ground has risen from 
25-9 per cent, to 36-7 per cent. That is liow the enormous increase 
in the demand for motor fuel has been met since the war. It is 
outside the scope of this paper to go more fully into the development 
of the natural gas industry or ol tlie various “cracking” ])roces^es. 
h'rom the economic point of view the important fact to appreciate 
is that the manufacture of natural gas and “cracked” gasoline has 
conserved enormous quantities of crude oil which it would otherwise 
hav^e been necessary to produce and re (me Hy tliese means the oil 
industry has enormously chea])ened the price of gasoline for the 
consumer. If the American oil industry had had to jiroduce double 
the quantity of crude oil it raised in 1927- -which it would have been 
compelled to do if the manufacture of natural gas and cracked 
gasoline had not been developed — the prices of crude oil and gasoline 
in the United States would now be .soaring to famine heights and 
the consumer in Great Britain would probably be paying more than 
3s. a gallon for petrol exclusive of tax. 

(3) The Fluctuations in the Price of Gasoline. 

Broadly speaking, the fluctuations in the prices of gasoline are 
caused by the variations in the supply of crude oil, which is its basic 
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raw material. The supply of crude oil varies from year to year 
because ®f tfie extreme element of chance in the finding of new oil 
deposits and the intensive competition that usually develops in the 
American oilfields. No geologist can foretell with certainty that oil 
will be discovered in any particular place or at any particular depth 
or in any particular quantity. If oil is suddenly discovered in 
America in a district which is divided up in chequer-board fashion 
the man who gets down first and secures the first flush production 
probably does better than those who follow. Hence there is in all 
competitively-owned fiillields a headlong race* down to tap the oil. 
The general result is a flood of oil poured suddenly on the market 
and a consequent slump in crude oil prices. The latest orgy of 
competitive production has been in the Seminole fields, Oklahoma. 
Although these Seminole fields produced less than one-seventh of 
the total crude oil production of the United States in 1927, the flood 
of oil suddenly poured on the market as a result of their feverish 
development caused a 50 per cent, drop in the prices of light oils 
in the Mid-Continent districts. It is obvious that the prices of crude 
oil must always fluctuate violently on account of the chance finding 
of crude oil and the competitive nature of oil drilling. Hence the 
price of gasoline must move accordingly', and the only reason why 
the price of gasoline does not always fluctuate as violently as that 
of crude oil is because the large oil marketing concerns endeavour 
to stabilise as far as possible the price of gasoline in the interests of 
the consumer. Table IV. shows in chart form how the prices of a 
representative light crude oil and of gasoline have fluctuated since 
1923. 

(4) The Costs of Production. 

It is necessary at this point to emphasise the fact that gasoline 
prices do not and cannot bear any systematic relationship to the 
actual costs of production. To begin with, the actual costs of crude 
oil production can never be exactly ascertained. The normal 
tendency is for the price of a commodity to correspond with what is 
called its marginal cost of production plus a reasonable percentage 
for profit. The marginal cost of production is defined as “the cost 
of production of that part of the annual output which is wrested 
with most difficulty from the lap of nature.” In the case of crude 
oil, it is impossible to say what is the cost of “that part of the annual 
output which is wrested with most difficulty from the lap of nature.” 
The average cost of the new oil producing wells drilled in the United 
States since 1916 is e.stimated at $15,000, per well. On that basis 
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the total cost of the new oil wells brought in since 1916 in the United 
States wojild* amount to $2,887,395,000. But in this period 66,774 
dry holes were drilled and it is estimated that the average cost of 
these dry holes would be $10,000 per hole. On that basis the dry 
holes have cost the oil industry in America during the past eleven 
years about $667,740,000. The cost of crude oil, therefore, depends 
largely on the cost of dry holes and non-tangible development 
expenses. 

The actual cost of drilling varies from field to field and from weU 
to well. For example, the cheapest well drilled in the United States 
last year cost $2,500, but the wells in Sante Fe Springs, California, 
‘ which are 4,000 to 5,000 ft. deep, cost anything from $85,000 to 
$125,000, and in Long Beach, California, the deepest wells cost 
$125,000. The deepest producing well in the world, which is in 
Ventura Avenue, California, measures 7,957 ft., and the Associated 
Oil which drilled it, is probably too modest to say how costly the 
well was. The only certain fact about production costs is that the 
average cost of drilling wells has increased in the last fifteen years. 
The average cost, for example, of drilling a well in California in 
1913 was $38,494 and in 1927 it was $56,300. In Kansas in the 
same period the cost of drilling increased from $20,500 to $24,750, 
and in Oklahoma from $4,667 to $32,300, and in the United States 
as a whole from $4,765 to $18,725. 

It is generally taken that the costs of producing a barrel of crude oil 
in America are made up of the following proportions— 

22-5 per cent, direct lifting expenses. 

18-5 per cent, depletion of property. 

15-4 per cent, depreciation of physical equipment. 

14 55 per cent, non-tangible development expenses. 

13-2 per cent, dry holes and abandonments. 

6-4 per cent, general expenses. 

513 per cent, year’s proportion of bonus. 

412 per cent, rentals on undeveloped acreage. 

But these proportions vary enormously in different fields. In the 
last few years in Mexico, for example, the cost of dry holes must 
have been nearly 50 per cent, of the total. It is, of course, possible 
for an individual oil company at the end of its financial year to say 
that it has spent so many million dollars in drilling and applied so 
many million dollars towards depletion of properties, and that the 
year's production of crude oil has therefore cost so much per barrel. 
But the price of crude oil is posted over a whole district in which a 
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hundred or more individual oil companies may be operating. For 
example, prices are posted by the Magnolia Petroleum Coippany for 
Mid-Continent crude oils of varying grades, and these prices apply 
to Oklahoma, Kansas, North and East Central Texas. As the 
fortunes of different oil companies, even in the same oil fields, vary 
considerably, the posted prices of crude oil can bear no exact rela- 
tionship to the marginal costs of production. Thus it sometimes 
happens —as it has happened this year in America' That oil produc- 
ing companies have to sell their crude oil for a time below their 
estimat(‘d costs of production. 

(5) Hoic the Price of Gasoline is Determined. 

It will, therefore, be oIin ious that the price ol gasolene, like* that 
of its primary raw material, can bear no .systematic relationship to 
the costs of production. In fact it may be argued tha^ it bears no 
relationship at all to the actual costs of manufacture. ^In the first 
place, the products which the oil refiner obtains from the stills vary 
greatly according to the composition of the crude oil and the method 
of refining. There arc .some crude oils that yield no gasoline, others 
that yield no lubricating oil, and others that yield no kerosene. 
Each contains varying amounts of such impurities as suljihiir com- 
pounds. Pennsylvania, West Virginia, Mid-C‘ontinent and Rocky 
Mountain fields furnish light crude oils which are easy to refine. 
The Gulf Coast, California and Mexico yield oil of a high sulphur 
content. The Smackover field ol Arkansas gives a heavy oil which 
was sold at first only for burning until it began to be cracked for 
gasoline. Paenhandle, Texas, crude oil with its high sulphur content, 
salt and excessive wax, was at first considered fit for use as fuel only. 
Most of the oils from the recently discovered fields in West Texas 
are high in sulphur and contain hydrogen sulphide gas which 
corrodes the equipment. 

Theoretically, it might be said that in any particular year an 
average barrel of American crude oil yielded, say, 46 per cent, gas 
and fuel oil, 27 per cent, gasoline, 10 per cent, kerosene, 4 per cent, 
lubricating oil and varying quantities of paraffin wax and asphalt, 
and that if the price of a barrel of crude oil for that year averaged, 
say $1.00, the cost of manufacturing gasoline would be 27 cents, 
the cost of manufacturing gas and fuel oil 46 cents per barrel, 
kero.sene 10 cents per barrel and lubricating oil 4 cents. That 
theoretical calculation would merely show that some of the products 
would be selling at present market prices at a dead loss. Indeed, 
some products have always sold at prices under the theoretical 

538 



GREAT BRITAIN: ECONOMICS OF OIL INDUSTRY 


cost of production, if that cost be distributed among the various 
products^ acscording to the percentage of their yield from the 
crude oil. 

In the second place, gasoline as a rule has to bear a price which 
will return a much greater proportion of the total receipts than is 
represented by its proportionate recovery from the crude oil. The 
products contained in the crude oil all come out of the ground to- 
gether and the only difference in their theoretical cost is their 
refining cost. Why, then, is petrol retailed at, say, £15 a ton and 
fuel oil at only £3 12s. 6d. a ton^ It is merely that the relation 
between the demand and supply of petrol is such that it can and 
must pa> a much higher proportion of the cost of the crude oil than 
the proportion in which it is actually contained in the crude oil as 
it comes out of the ground. The relative prices of gasoline, kerosene, 
fuel oil and lubricating oil are merely expressions of the effect of the 
operation of the law of supply and demand. It is necessary to pay 
a relatively high price for ga.soline in order (1) to make the producer 
of crude oil su]iply the refineries with so much crude oil in the year, 
(2) to make the refiners erect cracking plants and crack so much 
fuel oil in the year- for the satisfaction of the urgent demands of 
the automobile industry. If the supply of gasoline is temporarily 
short and' refiners have to reduce their stocks, then the price of 
gasoline must advance and force up the price of crude oil in order 
to make the producer increase his output. The history of the 
American oil markets in the last twelve months illustrates this point. 
The price of gasoline of U.S motor grade 58-60°B ex Oklahoma 
refinery rose steadily from cents per gallon in January to 9i cents 
per gallon in August Apart from a minor adjustment m the prices 
of heavy and light crude oils in ^'ebruar^^ the price of Mid-Continent 
crudt' oil was not advanced until July and Californian oils not until 
August. But the manufacture of “cracked” gasoline from creicking 
plants increased in the first six months to 55.570,000 barrels as 
compared with 48,891,000 barrels in the corresponding period of 
1927. In other words, the steady advance in gasoline prices forced 
up the price of crude oil only when it was disco\x‘red that the supply 
of cracked gasoline from fuel oil could not be increased quickly 
enough to meet the temporary shortage of gasoline in the market. 

If is, of course, possible that the development of the Die.sel engine 
or some other development yet in its infancy will make the demand 
for fuel oil greater than that for petrol, in which case fuel oil may 
be selling at £15 a ton and petrol at £3 1 2s. 6d. a ton. But, as I have 
stated at the beginning of this paper, the main problem of the oil 
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industry since the war has been to provide sufficient fuel for the 
automobile industry. That is why the price of gasolinfe has to bear 
a price which will return more than 50 per cent, of the total receipts 
derived from crude oil, as the next table will show. 

TABLE V. 

VALUE OF MAJOR REFINED PRODUCTS AT U.S REFINERIES. 





Gas and fuel 

Lubricating 



Gasoline. 

Kerosene 

oils. 

oils. 

Total. 

1899 

$15,991,742 

$74,694,297 

$7,550,664 

$13,351,831 

$111,588,534 

1904 

21,314,8.37 

91,366,434 

9,205,391 

23,533,091 

145,419,753 

1909 

39,771.959 

95,547,010 

36,462,883 

38,884,236 

209,666,088 

1914 

121,919,307 

96,806,452 

84,017,916 

55,8lil20 

358,555,795 

1919 

766.006.055 

235,663,055 

318,124,339 

196.2421439 

1.516,035,888 

1921 

881,401,680 

151,594.503 

377.264,190 

194.6091241 

1,604.869,614 

1923 

929,900,078 

146,941,897 

345.666,436 

204,494,849 

1.627,003,260 

1925 

1,268.647.929 

161,880,676 

488,957,806 

252.104,^78 

2.171,580,989 


It may be argued theoretically that the only fixed ultimate constant 
which cannot change is that in the long run the prices realised for 
the whole of the products of the crude oil must be such that taken 
together they cover the cost of the crude oil and its refining, and of 
the carrjdng of the refined oil products to the consumer. . Otherwise 
the big companies which produce, refine and market crude oil will be 
forced out of the oil business. Theoretically that is correct, but 
because the costs of production are never exactly ascertainable, it 
very often happens that the big companies go on producing crude 
oil for a time at a loss. A large number of important oil companies 
in America showed losses in the last two quarters of 1927 and in 
the first quarter of 1928. 

If I may restate my conclusion, the price of petrol is determined 
not by the theoretical cost of production of the crude oil and its 
manufacture into refined oil products, but by the interplay of 
extremely complicated forces of supply and demand. If gasoline 
is in short supply the price must go up until the refiners crack more 
fuel oil and then must continue to rise, if that extra supply of 
cracked gasoline is not sufficient, until the price of crude oil is 
advanced and producers are thereby tempted to sink more wells. 
If the supply is in excess, the price of gasoline must fall until the 
refiners close down their cracking plants, and, if that does not solve 
the surplus problem, it must go down further until crude oil prices 
slump and so prevent the drilling of new wells or force producers 
into restriction of existing production. 
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(6). The Influence of *' Synthetic” PetroL 

At preseRt the price of gasoline is not appreciably affected by the 
production of substitute motor fuels. I do not consider that the 
manufacture of petrol from coal — either by the low- temperature 
carbonisation processes or by the hydrogenation process developed 
by the Farben Industrie — ^is likely to be sufficient to influence the 
price of gasoline for some considerable time. The coal distillation 
processes, for example, involve three distinct stages of production 
— the mining of the raw material (coal), the distillation of the solid 
and the refining of the liquid “oil” so distilled. * The costs of mining 
the solid raw material must always be greater than the cost of 
mining crude oil as long as the coal is mined by underground labour 
while the crude oil is produced merely by drilling a hole in the 
ground. The distillation of the coal and the subsequent refining 
of the distilled oil must always be more expensive than the mere 
refining of natural crude oil. Hence the low temperature carbonisa- 
tion processes will depend for their commercial existence upon the 
sale of the coke by-product — the smokeless fuel — leaving the oil 
products merely as subsidiary sources of revenue, just as the pro- 
duction of benzol from coal by the high-temperature carbonisation 
of coal process is merely a subsidiary source of revenue to the coke- 
ovens or the gasworks. 

As regards the hydrogenation of coal — that is, the conversion of 
coal direct into refined oil products by the introduction of hydrogen 
into pulverised coal at high temperatures under pressure — the I.G. 
Farben has not yet published to the world their costs of production, 
so that it is impossible to say whether this form of “synthetic 
petrol” is a commercial rival of gasoline produced from crude oil. 
It is, however, actually being produced from brown coal in Germany 
by the I.G. Farben and is being marketed through a company in 
which the Royal Dutch Shell and Standard Oil groups are interested. 
The annual output of this synthetic petrol is to be brought up to 
300,000 tons (2,100,000 barrels) per annum. At the present low 
prices of gasoline it is not believed that the hydrogenation of coal 
can be widely developed outside Germany, where the lignite fields 
provide a cheap and readily available raw material. The applica- 
tion of the hydrogenation process to the conversion of heavy fuel oils 
into gasoline seems to be an immediately more profitable way of 
utihsing the wonderful invention of M. Bergius. That application is 
being undertaken at the moment by the Standard Oil Company of 
New Jersey. 


541 



THE OIL INDUSTRY 


(7) Price of Gasoline compared with other Commodities. 

In conclusion, it may be useful to compare the price c?f gasoline 
to-day with the prices of other commodities that are in everyday use. 
I have already pointed out that (1) the increased efficiency of the 
oil refineries, through which a better recovery of “straight-run” 
gasoline is obtained from the crude oil while refinery losses have 
been reduced to a minimum, (2) the development of the “cracking” 
process by which the residual oils of the refining process are made 
to yield up a further supply of gasoline; and (3) the increase in the 
manufacture of natural gas gasoline, have all resulted in conserving 
enormous quantities of crude oil. There is not the ' slightest doubt 
but that the price of gasoline would be double or tyeble the price 
to-day if the oil industry in the last fourteen years h^d not been so 
mightily efficient. If the U.S. Bureau of Labour indc^ numbers are 
considered it will be seen that gasoline shows the leatt increase in 
price since 1913 of any of the commodities in everyday use, and this 
in spite of the increased cost of drilling for crude oil’ — 

TABLK VI, 

COMPAKISON OF INDEX PRICES. 

By years 1913 to 1927, 

1913 PRICE LEVEL=100. 

Compiled Ironi C S liurcau ol T.aboiir and D S Department of Commerce 
Statistics. 


j 

I (Jasoline 


Building Cloth and r'arm Ml 

materials. clothing products tommodities 


1913 

100 

100 

100 

100 

1914 

83 

92 

98 

103 

1915 

75 

94 

98 

104 

1910 

121 

120 

127 

123 

1917 

132 

1.57 

175 

190 

1918 

139 

172 

228 

218 

1919 

142 

201 

253 

231 

1920 

17(1 

204 

295 

218 

1921 

143 

165 

180 

1 yia 

1922 

140 

168 

181 

133 

1923 1 

112 

189 

200 

1 141 

1924 

102 

175 1 

190 9 

143-4 

1925 1 

106 

175 1 

189-6 

' 158 1 

1926 [ 

112 

173-4 

175-9 

142-2 

1927 ! 

112-2 

166-0 

169-0 

' 1 . 37-9 


100 
9H 
101 
127 
177 
194 
200 
220 
147 
149 
154 
149 ‘7 
15H-7 
151 
140 


It will be seen that the average retail prices of all listed commodities 
including household goods, building materials, clothing and farm 
products for the first nine months of 1927 were 46 per cent, above 
those of 1913, and this average would have been higher if it had not 
included gasoline, which has increased in price since 1913 by only 
12-2 per cent. 
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Z USAMMENFASSIJN( i 

Da scit dcn^ Kneg die ausreichende Erzeugung von Brennstoff fur die 
Automobifindiistne das Hauptproblcm der Olindustnc war, ist dieser Bericht 
auf das Studium des Henzinpreises genchtet. Djc volkslumliche Aiisicht 
darubcr ist ja, dass die Preisbeweguiigen von den grossen Olkonzemen will- 
kurheh ‘gemaclif’ werden, die sich dabci nur danacli nehten, wieviel aus 
deni l*ublikum herauszubekommen sei Daniit vvird aber nur die Jundamen- 
tale Wahrhcit aut etwas derbere Art aiisgesprochen, dash sieh die ( Hpreise nacli 
dem Verhaltnis von Angebot und Nachtrage rcgeln 
IVr Verfasser zcigt, wie die gesteigertc Naehlrage naeb Hcnzin beinedigt 
vvurde und wie der Hcnzinprcis feslgesetzt wird. Ziini Selduss vergleiclii er 
den Henzinpreis mil denen andcrer (Vebraucbsgegeiittande. 
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THE GEOLOGY OF JAPANESE OIL-FIELDS 
Geological Age 

The formations producing oil or bearing some indications of its 
existence belong, with two or three exceptions, to the Tertiary and 
especially all the horizons producing oil, as well as the majority 
of those with oil indications, are classified under the Neogene; and 
only two or three localities in Hokkaido bearing oil indications 
are to be classified under the Palaeogene. 

Outside the Tertiary series, oil indications are found only in a few 
places, i.e., in the Jurassic "Torinosu Limestone" Tosa-no-Kuni 
(Province of Tosa), and in the Cretaceous sand rock of Hidaka-no- 
Kuni (Province of Hidaka), Hokkaido and of Ishikari-no-Kuni 
(Province of Ishikari), Hokkaido. These, however, are at present 
considered to be negligible from the point of view of the oil industry. 

Distribution of Oil-Fields 

The distribution of oil-fields in Japan (Fig. 1) from North to 
South is as follows: 

In Japanese Sakhalin, oil has been found up to the present only on 
the West Coast, while in Russian Sakhalin, it is found solely on the 
opposite coast. 

In Hokkaido, oil areas are scattered all over the district on the 
western side of the "back-bone" mountains. 
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Entering Honshu, the oil area starts from the Tsugaru Penin- 
sula, Aomor^ Prefecture, opposite to the Oshima Peninsula and 
extends aTong the Japan sea coast into Akita Prefecture, where in 
the south it occupies a comparatively narrow space, stretching into 
the Yamagata Prefecture. Here, not only the coastal territory but 
the Shinjo basin also shows indications of oil. 

On the coast, near the boundary line of the Niigata and Yamagata 
Prefectures, granitic rocks appear, and there the oil area is inter- 
rupted but reappears southward in the Niigata Prefecture, where 
almost the whole area with the exception of mountain territory in 
the north and east can be regarded as oil bearing. In the Nagano 
Prefecture the oil is present in a large area stretching from Uyeda 
City in the east to the vicinity of Matsumoto Cit^^ in the south. In 
the west of the Niigata Prefecture, the oil area is blocked by the 
Nihon Alpes mountains and turns towards the mountain region of 
the Nagano Prefecture. 

Up to the present, no oil indication has been found in the Toyama 
and Ishikawa Prefectures. 

As stated above, this oil area forms an almost unbroken zone, 
extending from Japanese Sakhalin in the north to the middle part 
of the Nagano Prefecture in the south, and is the most important 
oil-producing territory in Japan. 

Outside this important oil zone, the following places are producing 
oil or give indications of its presence. — 

(а) Churui-mura, Nemuro-no-Kuni (Province of Nemuro), 

Hokkaido, 

(б) The neighbourhood adjacent to the summit of Mt. Akan, 

Kushiro-no-Kuni (Province of Kushiro), Hokkaido, 

(c) The vicinity of the Isobe mineral spring, Usui-gun, Gumma 

Prefecture, 

(d) The vicinity of Sagara-machi, Kuwabara-gun, Shizuoka 

Prefecture, 

(e) The Wanibushi Copper Mine, Hikawa-gun, Shimane 

Prefecture, 

(/) Taiwan 

Sagara is the only oil area on the Pacific coast. Oil has been 
produced here continuously for a very long time, although in rather 
small quantities. 

The oil area in Taiwan is very important in southern Japan, the 
island exhibiting oil indications in many places, excepting the 
central mountain region. 
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MAP SHOWING DISTRIBUTION OF OIL FIELDS IN JAPAN 



Fig 1 


DRIIJ.ING AND PRODUCINC; METHODS IN JAPAN 
Hand Drtujng System 

At present, the hand drilling system, wells can be drilled to 
a depth of from 300 to 600 feet Many attempts are and have been 
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made to improve the hand drilling system by adding motor, suction- 
pump, ventijator and other apparatus, but the hand driller can no 
longer compete with the machine drill in any of the larger fields of 
the world, and in Japan also the system is seldom adopted for wells, 
except under some exceptional circumstances. 

Wells drilled by this system are square in section, the length of 
the side usually being 5 ft. at the top, gradually diminishing to 3 ft. 
at the bottom as the hole deepens. The excavation work is carried 
out by one or two men working at the bottom of the hole, and the 
earth is removed by means of a basket fastened to a wire rope 
suspended from the pulley of the derrick. 

Sometimes, depending on the type of stratum being drilled, every 
4 to 6 ft. a wooden frame, varying in size with the diameter of 
the hole, is inserted, and wooden cross-pieces and boards are used 
to case the well in order to protect it from caving. After the well 
has reached a depth of 20 or 30 ft., fresh air is sent down to the 
workers at the well bottom through a wooden pipe, by means of 
foot-bellows. 

Percussion System 
(a) Kazusa-iiori 

The majority of percussion system wells in Japan ha\’e been drilled 
by the American Standard Cable system, but one p(*rcussion system 
known as “Kazusa-bori” (Fig. 2) has also been used frequently. 

The following is a brief description of the "Kazusa-bori" outlit:— 
The derrick is about 30 ft. in height, about 3 ft. square at the top 
and about 10 ft. square at the base. A pulley is attached to the 
top, and on one side of the derrick, a wooden scaffold is set up, inside 
which a wooden polygonal wheel of 12 to 15 ft in diameter, usually 
called the "Hene wheel," is installed. The bull wheel is located 
on the other side of the derrick, and is used for raising and lowering 
iron pipe and other heavy materials. At a point about 10 ft. above 
the wheel, several bamboo-poles jointed together arc placed hori- 
zontally, with one end fixed firmly and the other placed so that the 
pole extends to a point just above the well centre. From this end, 
the tools are suspended, and drilling is effected by means of the 
elasticity of the bamboo-pole. 

Inside the Hene wheel, a step-board is installed and on this, one 
or more workers walk backwards and forwards, thus turning the 
wheel and actuating the drilling tools and bailer. The bamboo 
attachment from which hang the drilling tools, is generally called 
the "Hene," and consists of a flat plate of "phyllostachys mitis" 
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with sheath. 1 to IJ in. in width and | to i in. in thickness. The 
driller stands on the floor of the derrick, holding the hemp rope 
suspended from the end of the "Hene," and adjusts the length of 
rope as drilling proceeds. 


KAZIISA-HORI OUThTT 



As there arc many fittings peculiar to the Kazusa-bori outfit, the 
following will serve as a brief description of them: — 

( a ) The "Kabura" 

This is the drill which is fastened to tlie end of the drill stem 
and has a flat caudal cutting edge. 

(fc) The ''Ishiwari'' 

The 'Tshiwari” is the drill used for beds which are too 
hard to be drilled by the "Kabura " It is a steel bar 
of suitable length and diameter, forged flat at one end to 
the size of an axe. 

(c) The ''Suiko" 

This is generally made of tin-plate reinforced by longi- 
tudinal steel bars, and acts as a bailer for removing mud 
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or oil, its size being determined by the diameter of the 
• wftU. The lower part of the "Suiko” is pointed and is 
equipped with a valve. 

The *'Kazusa-bori” system has many merits, the chief being the 
low initial expenditure, and also the fact that motor equipment 
is not required. Recently, however, many improvements have 
been made: for example, the use of a small motor has reduced the 
number of labourers required, and many new and up-to-date 
fittings have been added. 

Nowadays, wells of about 1,000 ft. can be drilled by this system, and 
it is adopted in many places in Japan, to drill comparatively shallow 
test wells or to clean existing wells. 

(b) Cable System 

The cable system was imported from U.S.A. in 1894, and now its 
adoption is almost universal in the oil regions of Japan. However, 
no important improvement or modification peculiar to Japan have 
been made either to its apparatus or to its operation. 

Rotary Drilling System 

The rotary drilling s^^stem was first imported from U.S.A. to 
Japan in 1912 and since then because of its greater speed and depth 
of drilling, it is superseding other methods. 

Here again, no important improvement or radical change in its 
construction and methods of operation have been brought about in 
Japan. 

In Japan, hand drilling, Kazusa-bori, cable drilling and rotary 
drilling have developed in this order, but in some exceptional cases, 
cable-rotary combination systems, rotary-cable systems and 
diamond drilling systems are also adopted. 

Out of the 3416 producing wells of the Nippon Oil Company, the 


census on 30th September, 1927, shows: — 

By rotary drilling system . . . . . . 864 

,, cable ,, ,, . . . . 2090 

,, "Kazusa-bori" . . . . 418 

,, diamond drilling system . . . . 3 

.. hand . . . . 41 

Total 3416 


The deepest well ever drilled in Japan reached a depth of 1955 m., 
the average daily progress being 223 m. 
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Producing Methods 

Producing methods used in Japan can be divide‘d into three 
groups viz: (1) gusher. (2) pumping system, (3) air lift system. No 
other method, peculiar to Japan, has yet been invented. 


NATUKAT. GAS AND NATURAL GAS GASOLINE 
Produc noN OF Nati'Ral Gas 

The production of natural gas from oil and gas wells of the Nippon 
Oil Company, its gravity and gasoline contents are as follows: — 


1‘ield 


October 31, 1927 


J.)aily produc-j 
tion of gas. 


Ga.soline i fin-j Number of 
leiitb Imp Igas wells and 



i cu It. 



1000 cii. It 

mg oil a 
gab. 

Nisliiyania 

2.533,000 

0 

75-0-9 

2-0 

308 

Takamachi 

1,650,000 

0 

0 

02 

2 

Niitsii ., 

1,173,000 

0 

05-0 -75 

0-2 

190 

Akita . 

-i 1,810,000 

0- 

00-0-80 

0-4 

713 

Hokkaido 

. i 200,000 

0 

85 

5 

50 

Shiikkijko, Taiwan 

1,280,000 

1 0 

8.5-1 05 i 

1 

10 

Kiiism, Taiwan 

. ; 1,500,000 


02 

0 

3 

Total 

. , 10,220,000 


i 


1/282 


Types oi< Naiurai Gas 

The majority of natural gas produced by the Nippon Oil ('.ompany 
belongs cither to the puire hydro-carbon type, or to that having a 
comparatively large percentage of nitrogen and therefore inferior 
in heat generation. The former includes the gas from Nishiyama, 
Takamachi, Hokkaido and Kinsui, which gives approximately 
1,000 B.Th.U. per cu. ft., while the latter from Niitsu and Akita 
gives 800-900 B.Th U. The natural gas from Shukkoko, Taiwan, 
belongs to the carbonic acid gas type, containing more than 30 per 
cent of carbonic acid gas. It gives only 700-780 B.Th.U., per cu. ft. 
and is 30 per cent, inferior in fuel value compared with the better 
quality gas. The average value of natural gas as fuel on the field 
is estimated to be Y8.00 for 10,000 cu. ft , the total fuel value thus 
being Y8,000 per day- With regard to gasoline content, Tshikari 
natural gas in Hokkaido gives the highest yields, the better grade 
gas of Nishiyama being next. The natural gas from Takamachi 
and Kinsui is extracted from high-pressure gas wells. 


550 



JAPAN: OIL INDUSTRY 


Gasoline Extraction Apparatus 

The first^coftipression apparatus imported from U.S.A. was erected 
at Nishiyama Oil Field, in October, 1914, and since then many 
plants have been erected in various places. 

The first absorption plant was one of 15,000,000 cu. ft. capacity and 
was erected in July, 1914, to control the 30,000,000 cu. ft. of gas 
gushing from No. 5 well at Kinsui, Taiwan, and as the result was 
satisfactory, many more plants have been erected. 

COMl'RESSION PLANTS 


Coinpre.ssor Motor 


Location of Plant. 

! 

1 Daily ('apacity. 
cu It 

Number. 

Hai'»e Power. 

Number. 

Ni.shiyaina 

1 'i0U0.0(K» 

() 

750 

0 

Ohmo .. 

.300.000 

1 

80 

1 

Yun 

' 000.000 

3 

i 275 

3 

Kurokawa 

1,000,000 

2 

1 200 

' 2 

Hokkaido . . 

300,000 

I 

i 80 ‘ 

1 1 

Shukkoko 

500,000 

1 

1 50 

1 * 

Total 

0. 000, 000 

14 

i 1,535 

14 


ABSORPTION PLANTS 


Location of 
Plant. 

Size of 
Ab.sorber 

Number. 

Maximum 
ITessure. 
lb. per sq. ft. 

1 Maximum 
' daily capacity. 

1 cu ft 

Nislnyama 

4' ir X 30" 

2 

100 

; 8,000.000 

For blending .. 

3^ 0" X 30" 

2 

200 

3,000,000 

Takaniachi 

4' 0" X 30" 

2 

100 

1 8,000,000 

Shukkoko 

4' 0" X 30" 

1 

100 

: 4,000,000 



5 

200 

1 

Kinsui ... 

3' 0" X 30" 

li 

100 

1 15,000,000 

Total 


18 


i 38,000,000 


REFINING METHODS IN JAPAN 
The first oil refining in Japan was carried out fifty-live years ago 
when kerosene was the sole valuable product to be derived from 
crude petroleum. It was distilled m cast-iron vertical stills of 
about twenty-five barrels capacity, the remaining oil being thrown 
away. Since then a demand for gasoline, neutral oils, lubricating 
oils and many other products has appeared. New methods of 
manufacturing from crude oil the various products for which a market 
demand was felt, were introduced, mostly from America, especially 
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at the period of the industrial expansion of Japan. During and after 
the Great War, the oil refining industry experienced phenomenal 
development, and now refining methods in Japan are not only able 
to compete with foreign countries, but can show many improvements 
designed to meet local conditions. 

The refining industry, one of the most important in Japan, deals 
not only with Japanese crude oil but also with imported oil from 
America and the South Sea Islands. 

The following is an outline of refining methods now in use: — 

Methods of Distillation I 

The distillation of crude oil is carried out mainly by the continuous 
system, but in some rare cases the batch system is\also adopted. 
The stills are of 100 to 600 barrels capacity, and in the case of con- 
tinuous distillation six. to ten stiUs comprise one unit. The capacity 
of one battery is 40,000 to 120,000 barrels a month, and although 
its scale is not large compared with those in America, the point in 
favour of the Japanese still is the elaboration of design. 

Molten pitch, solid pitch, acid sludge and sometimes heavy oil are 
used as fuel for distillation purposes. Solid pitch is very difficult 
to bum as fuel but, by the use of special apparatus, it is gradually 
melted by the heat of its own furnace, atomised by. steam and 
burned with little smoke, as is the case with heavy oil. Previously, 
heavy oil and gas were considered to be the only suitable fuels for 
continuous distillation, the fire regulation of which was very difficult. 
Recently, however, refining technique has made a decided advance, 
and acid sludge has become an important fuel which can be burned 
satisfactorily. The efficient utili.cation of fuel is the result of an 
immense amount of labour on the part of technicians, and the 
following equipment and apparatus, amongst others, have been 
designed to this end: — 

(a) An apparatus acting both as dephlegmator and heat 

exchanger in order to heat crude oil by means of the oil 
vapour from the still. 

(b) A boiler of small size is attached to the flue to absorb the 

remaining heat. 

(c) Residuum oil to be re-run, flows directly into the still 

without any loss of heat, and before the oil is sent to 
storage, a heat exchanger is utilised to heat the charging 
stock. 

The impossiblity of obtaining a "narrow cut" fraction has hitherto 
been the objection to the continuous method, but recently, using the 
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apparatus which serves both as dephlegmator and heat exchanger, 
the oil vapour from the still is divided into four cuts, and with the 
special automatic re-run equipment, the degree of fractionation is 
the highest obtained in the world. 

The uncondensable gas from the stiU is washed with chemicals to 
neutralise its corrosive compounds, and then treated similarly to 
natural gas in order to extract gasoline by condensation and absorp- 
tion methods. 

Cracking Processes 

• 

Methods of making gasoline by the cracking of heavy oil have been 
studied for many years, and the first cracking operation of industrial 
size was made in 1912, using heavy oil and fish oil as raw materials. 
Since then, the economical value and quality of cracked gasoline 
have been gradually appreciated and its demand has been greatly 
increased. 

The Dubbs, Cross, and Jenkins cracking processes were introduced 
into Japan in this order, and now two Dubbs units and one Cross 
unit are operated by the Nippon Oil Company, one Jenkins unit 
being worked by the Ogura Oil Company. The total output of 
cracked gasoline is now 300,000 barrels a year. 

(a) The Dubbs Cracking Process 

The Dubbs process was invented for the purpose of cracking heavy 
oil as well as gas oil. Two Dubbs plants are now working in Japan; 
their capacity is 750 barrels a day each, the first being installed in 
1924 at the Tsurumi Refinery of the Nippon Oil Company. The 
materials used are mainly California gas oil and topped crude 
oil, at an operating pressure of 140 lb. per sq. in., and a temperature 
of 480°C., one cycle occupying four days. The pressure distillate 
produced is washed with sulphuric acid and doctor solution and re- 
distilled, using steam. The yield of cracked gasoline is about 
35 per cent, by volume of the charge, its quality being better than 
that of U.S. New Navy gasoline. 

The coke, a by-product of this cracking system, is useful as domestic 
fuel. 

(b) The Cross Cracking Process 

This process produces gasoline from kerosene and neutral oil by 
cracking and synthesising under high pressure and temperature. 
At present one unit of this process is working and was installed in 
1926 at the Niigata Refinery of the Nippon Oil Company, its crack- 
ing capacity being 1 ,000 barrels a day. The charging stock is mainly 
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gas oil from the Niitsu and California crude oils, with an operating 
pressure of 700 lb. per sq. in., a temperature of 4S0°G., and a 
complete cycle of from five to eight day^^. The crude gasoline 
produced by the plant is washed with sulphuric acid and, after 
neutralisation, is re-distilled using steam. The gasoline made by 
this ])roc(‘ss is superior to that of the Dubbs process, owing to the 
superiority of the charging stock. 

(c) T 1 IK j E N KINS PkOCESS 

This process was al5o introduced from America, and one unit was 
installed in 1926 at the Tokio Refinery of the Ogura Oil Company. 
It IS the only Jenkins ])lant now working in Japan ai(id has a daily 
capacity of 500 barrels. The raw material is mainl^i^ gas-oil from 
Californian crude oil, an operating pressure of 120 lb. per sq. in. being 
employed. 

The cracked gasolines made by these processes are now widely 
used in Japan as the “Knoxless-fnillsmore” motor fuel, and recently 
they have been used as an aeronautic motor fuel, in .spite of 
their unpleasant odour 

Vacuum Distillation 

Steam is used during distillation in order to prevent decomposition 
of the crude oil, but to make its effect complete, distillation at 
lower pressure than the atmospheric pressure is essential. For 
this purpose, many attempts have been made to discover the 
optimum degree of pressure reduction and its (‘ffect. 

However, no plant of industrial size was constructed until 1926, 
when the Schultze Vacuum Distillation process was first introduced 
into Japan, and since then .six units of this proce.ss have been installed 
and are dealing with from 22,000 to 33,000 barrels of crude oil per 
month. 

The raw materials are Niit.su and California crude oils, the process 
being carried out as follows — 

Firstly, the crude oil is heated in the usual type of still, whereby 
water is completely removed. The hot crude oil is next transferred 
to the vacuum still and heated gradually, using heavy oil or gas as 
fuel. At the same time, a vacuum pump is used to keep the 
still pressure at between 24-0 mm. and 1 0 mm. of mercury, the 
distillation being carried out at a temperature not exceeding 
320X. 

As the product produced by this process is good in colour, high in 
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flash point and low in freezing point, much of it requires no chemical 
treatmejit, t)ut if it be re-distilled in the same apparatus, even better 
lubricants can be obtained. Owing to the excellent results given 
by the vacuum distillation process, many refineries have attempted 
to follow this example, and it is believed that in the near future 
almost all the crude oil will be treated by this method. 

Treating, Bleaching, and Filtering Processes 

With the exception of certain types of lubricating oil, all distilled 
products are treated with chemicals, and flien receive bleaching 
treatment. These treatments are known as “washing" in the 
technology now current in the refining industry. Washing ■ is 
carried out by the batch system, the oil being treated with 
sulphuric acid and then neutrahsed with caustic soda. It is a 
common method of treatment, but it varies in detail, according to 
the type of oil, and the degree of refining required. 

Naturally, the fundamental principles of refining have been intro- 
duced from foreign advanced countries, but many details pecuUar to 
the J apanese refining industry have been developed to meet special 
conditions. 

For example, it has been found that fuming sulphuric acid can be 
used successfully to give 150 to 300 per cent, more effect than by 
the use of concentrated sulphuric acid. 

Again, Japanese acid clay in powder form is used satisfactorily 
for the dccolourisation of kerosene and neutral oils, as well as for 
heavy lubricating oils. Moreover, as the acid clay is quite effective 
in powder form, it is only used in granules in some exceptional cases. 
All products except gasoline are passed through the filter press 
after receiving chemical treatment. Acid tar is decomposed by 
steam, regenerated, and used over again. Naphthenic acid is 
recovered from waste soda, while the waste liquor from the 
water washing of acid or soda treated oils is neutralised and 
bleached before being discharged as harmless effluent. 


DEMAND AND SUPPLY OF PETROLEUM IN JAPAN 

The increasing demand for petroleum and its products is apparent 
throughout the world, and particularly in Japan, where petroleum 
is and will be required in ever increasing quantities. This tendency 
is shown in the following table: — 
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Urut' case of 10 U.S. gallons. 



All 

Japan, 

includ- 

1922 

1923 : 1924 

1 925 

1926 

1927 

Gasoline 

ing 

Korea & 
J'ormosa 

2.025.000 

2,157,000; 3,326,000 

3,912,000 

5.257,000 

6,301,000 


japan 

1,905,000 

2,034,000', 3.135.000 

3.682,000 

4,992,000 

6,009,000 


])ioper 

Kero 

All 

Japan 

5.158.0*00 

5,159,000' 5.102,000 

.5,392.000 

[4, 64 1,000 

\ 

5,410,000 

sene. 

Japan 

proper 

4.170,000 

3,8.50,000 3,830.000 

3.803.000 

8,464,000 

3,886,000 

Neutral 

All 

J apan 

3.91 1,000 

3,783.000( 4.658,000 

5.041,000 

5,573,000 

5,070,000 

Oil. 

J apan 
proper 

3.797.000 

1 

1 

3,634.000i 4.489,000 

4,816.000 

5,326,000 

4,781,000 

Fuel 

All 

Japan. 

1,525.000 

2.969.000, 3.934.000 

5,114,000 

0,077,000 

8.656,000 

oil. 

J apan 
proper 

1,497,000 

2, 930 . 000 ' 3,865.000 

1 

5,005,000 

5.403,000 

7,946,000 

Lubri- 

All 

Japan 

2,844.000 

1 

3,668,000 4.336.000 

3,518,000 

3,892,000 

4,236,000 

cating 

oil. 

Japan 

proper 

2,522,000 

3.405.00o| 4,051,000 

3.233,000 

; 3,542,000 

3,805,000 


All 

Japan. 

15,462,000 

17. 736, 0002 1,357.000 

22, 978, OOol 25, 439. 000 

1 

29.673,000 

Total. 

Japan. 

13,891.000 

1 

I5,852.000l 19.369,000 
1 

20, 538, 000,22, 727.000 

26.427,000 


proper. 




For several years the demand for petroleum has increased by 
10 per cent, yearly, the estimated figures for 1927 compared with 
those of 1922 being as follows: — 

Gasoline increased by about 200 per cent, {i.e., trebled). 

Kerosene no change. 

Neutral oil increased by about 20 to 30 per cent. 

Fuel oil increased by about 400 to 500 per cent. 

Lubricating oil increased by about 50 per cent. 

Owing to the increased use of electricity for illumination purposes, 
the demand for kerosene for this purpose has decreased, but on 
the other hand, its use as fuel for agricultural machinery, furnaces 
and ovens has increased, and by striking a balance, kerosene 
consumption shows neither increase nor decrease. The reason why 
the increase in the demand for neutral oil is not so remarkable is 
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that there is a tendency amongst fishing motor-boats to change to 
fuel oil burning. Under these circumstances, the demand for this oil 
increased rapidly year by year until 1926, after which it decreased 
by about 10 per cent. The remarkable increase in the demand for fuel 
oil in 1927 is the result of the decrease of the demand for neutral oiL 
Subdivided according to the consumer, oil is consumed yearly as 
follows; — 


Gasoline. — lU gall cases 


By autriniobiles (100 case.s for < 
By aeroplanes 

By industrial and other uses 

•acli (.ar) 

about 

• 

5,000,000 

500,000 

500,000 


otal 

al out 

6,000,000 

Kerosene.— 

Illuminating oil 

Illuminating oil 

Heating oil 

Power oil 


about 

10 gall cases 

1.000. 000 (Korea; 

2.000. 000 (OthersV 
1,300,000 

700,000 


J otal 

about 

5,000,000 

Neutral Oil — 

By fisliing-boat , 

,, others 


about 

10 gall, cases 

4.000. 000 

1 .000. 000 


3 otal 

about 

5,000,000 

l uel Oil;— 

By lishing-boat 
,, others 


about 

10 gall cases. 

3.000. 000 

5.000. 000 


Total about 

«, 000, 000 


Lubricating Oil. — 

About 4.0O(),U0O ca.scs, particulars not available 


The above figures do not represent the total consumption of pet- 
roleum in Japan, as tliey do not include con.sumption by the navy and 
foreign route vessels, and if these demands be added to the total, 
Japanese consumption will be twice as large as the above figure. 

With regard to production in Japan, it is to be greatly regretted 
that it is too small to meet these vast requirements. 

To begin with, crude oil production in Japan is as under. — 

Unit Koku of 1.136 U S. barrel. 


1916 

2,610,000 

1921 

1.968,000 

1922 

1,811,000 

1923 

1,590,000 

1924 

1,599.000 

1925 

1,660,000 

1926 

1,577,000 

1927 

1.530,000 
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For refined oils, production figures are as follows: — ■ 



(iasoline 

Kerosene 

Neutral 

oil 

Fuel 

oil. 

I.ubri- 
cating oil. 

Total 

1922 . 

653,000 

754,000 

2,974,000 

588,000 

1,382,000 

6,351,000 

1923 . . 

064,000 

644,000 

2,719,000 

717,000 

1,428,000 

6,172,000 

i924 

612,000 

750.000 

2.539.000 

597,000 

1,519,000 

6,017,000 

J925 ... 

831,000 

752,000 

2,476,000 

589,000 

1,400,000 

6,048,000 

1926 ... 

1,153,000 

545,000 

2.560.000 

585,000 

1.380.000 

6,223,000 

1927 .. 

1.391,000 

571,000 

2.292.000 

506.000 1 

1,486,000 

6,246,000 


In other words, home production is sufficient for only one quarter 
of the total demand, even excluding the needs of tl|ie navy and of 
foreign route vessels. The remaining three-quartefs is supplied 
by imported oil, either as crude or as refined products. 

Summarising, of the total requirements excluding', the needs of 
the navy and of trans-occanic vessels, one quarter is supplied from 
home sources, one quarter is derived from imported crude oil which 
is refined in Japan, while the remaining half is supplied in the 
form of imported refined products. 


RTtSUMlt 

T^cs couches pctrolifcres dii Japon appartienncnt prcsque toutes I’ppoque 
tertiaire Les principaux gisemcnts sont ceux des prelectiires de Yamagata 
et dc Niigata, sur la cote nord-oucst de Honshu, ainsi que ceux des lies de 
Sakhaline ct de Taiwan 

Des 3410 puits de petrole de la Compagnie Japonaise des lV;troles, Ic 30 
scptembre 1927, 418 tHaient exploit^*s an procedc de forage dit "Kazusd-bori.’' 
Ce procedd particulicr au Japon est cxpliqu6 en detail dans le texte anglais. 
Le forage au cable en op6ration sur 2090 pints fut mtroduit au Japon en 1894. 
De forage par rotation fut introduit en 1912 Ce procedc^ permet un forage 
tres profond ct on s’en sert sur 864 pints 
La production de gaz naturel des 1282 puits de la Compagnie Japonaise des 
Di5:troles est de 10.226 000 pieds cubes par jour. La gravite vane de 0,6 
h. 0,9, I’essence contenuc de 0 6 gallons impenaux par 1000 pieds cubes. 

La plupart des gaz naturels sont des gaz d'hydrocarbure pur d'linc puissance 
calonfique dc 800 ^ 1000 B T.U par pied cube. Le reste sont des gaz d'acide 
carboniquc d’une puissance calonfique de 700 ^ 780 B T.U. par pied cube 
En general on sc sert au Japon de la distillation en continu, mais aussi du 
procedc de la fourncc. Lc craquage se fait d'apres les proc6d6s Dubbs, Cross 
ou Jenkins. 

En 1916, la production dc petrole brut etait de 2 610.000 kokus de 1,136 
barils am^ncains, die n'etait plus que de 1.968 000 kokus en 1921 etde 1.530.000 
en 1927. La consornmation de petrole brut ct de ses denvt^s est considerable 
^t plus de la moiti^ doit etre import6e de I'etranger. 
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GENERAL REPORT ON SECTION E 

THE OIL INDUSTRY 

ECONOMIC AND GENERAL CONSIDERATIONS 

J . K K W I, E y 

This general report deals with two papcTs only, vie , 

(1) The Economics of the Oil Industry, 

(2) Tlie Oil Industry in Japan. 

The paper Professor M. Defay on "The IVeseiit Position of 
Heavy Oil for Motor Traction," may also be referred to in this 
connection. 

The first of these pajiers deals with the lliictuations in the gasoline 
market and their causes, 

(In this’rcjiort the words "gasoline" and "motor spirit" are inter- 
changeable.) 

The major problem of the oil industry since the* war has undoubt- 
edly been that of jiroducmg sufficient fuel for the ever-growing 
automobile industry. The demand for gasoline for the domestic and 
export markets of the U.S.A. in 1927 was about nine times that for 
1914. In Japan the demand for gasoline has trebled itself during the 
last six years. 

This enormous increase in the demand has been so successfully 
met that the price of gasoline shows the least increase since 1913 of 
any of the commodities in everyday use, in spite of the increased 
cost of drilling and refining. 

This result has been achieved in three ways. — 

1. By increasing the production of crude oil. 

2. By increasing the yield of gasoline obtained from the crude, 
by cracking, and 

3. By development of the natural gas gasoline industry. 

If methods of increasing the yield of gasoline from the crude had 
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not been devised, then more than double the present production of 
crude oil would be necessary to meet the present demand for gaso- 
line. As the demand for the other products derived from crude 
oil did not increase to the same extent, the price of gasoline would 
have soared. In other words, the increased efficiency of the refining 
processes has greatly cheapened the price of gasoline. The extent 
to which these methods have assisted is evidenced by the facts that 
since 1916, the production of natural gas gasoline has increased 
by 1,473 per cent, and of cracked gasoline by 1,359 per cent. 

Japan, which is faced by a steady decrease in her crude oil pro- 
duction, early realised the value of the new methods, baving erected 
her first natural gas gasoline plant in 1914 and heA first cracking 
plant as early as 1912. By so doing, she more thai doubled the 
yield of gasoline from the crude oil in six years. 

The fluctuations in the price of gasolirAc during the last ten years 
have broadly followed fluctuations in the price of the raw material. 
The supply of crude must fluctuate because of the element of chance 
in the business of oil production and the intensive competition dis- 
played in the majority of American oil fields. 

The chance discovery of prolific sands in the Seminole area is 
quoted as an example of a case where an orgy of competitive 
drilling broke the market in crude oil and sent prices down by 
more than half. 

An analysis is giv^en of the costs of crude oil production and the 
great variation in the expenses of drilling from held to field is 
pointed out. This is well illustrated by the case of Japan, where 
the primitive methods of drilling by hand sunk wells coexist with 
modern methods. Drilling in the U.S.A. has certainly become 
more expensive each year, due undoubtedly to a great extent to the 
greater depths to which wells are drilled. The average cost of 
drilling a well in U.S.A. is given as $18,725 in 1927, as compared 
with $4,765 in 1913. Estimates are given for the average cost of 
producing a barrel of crude oil In America. Of such costs only 
22J per cent, are due to direct oil raising expenses and only 13-2 per 
cent, due to dry holes and abandoned wells. 

As the price of crude oil is generally posted in America for a number 
of different districts it obviously cannot bear any exact relation to 
the actual costs of production. Nor can the price of gasoline bear 
any systematic relation to the cost of manufacture. The average 
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barrel of crude oil may be taken to 5 deld 27 per cent, of gasoline, 

10 per cgntfof kerosene, 46 per cent, of fuel and gas oils and 7 per 
cent, of other products. If this average composition of crude oil 
is considered and if the costs of manufacturing these products are 
taken at those proportions of the total price realised, represented 
by their proportionate yields from the crude oil, it will be found 
that some of the products would be selling at a dead loss. Gasoline 
as a rule must carry a price which will return a much greater pro- 
portion of the total receipts than is represented by its proportionate 
production from the crude oil. This is a natural result of the rela- 
tions between supply and demand of the various products from the 
crude oil. The result is that it is necessary to pay a relatively 
higher price for gasoline in order to make (1) the producer of crude 

011 supply the refineries with so much crude, and (2) the refineries 
erect the necessary cracking and natural gasoline plants, that the 
demand for gasoline can be met, this demand being the primary 
basis for the demand for crude oil. This is the situation which 
controls the American oil market at the present time. 

The author is of the opinion that the supply of gasoline from other 
sources is not likely to influence the price of petroleum gasoline for 
a considerable time. 

The second paper gives a resume of the oil industry in Japan, 
pointing out the distribution of the oilfields and their geology, the 
drilling and producing methods in use and the refining methods 
employed, as well as the development of the natural gasoline and 
cracking industries to which reference has already been made. 
Japan has certainly been to the fore in adopting new methods as 
soon as ever they were available. 
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DISCUSSION 

IliKSDAY, SKPIKMr.l'.K 25 (\I(jKM\(0 
Section E 

THE OIL INDUSTRY 

ECONOMIC AJsID GENERAL CONSIDERATIONS 

('hamnan' Sir Robert jWali:\ Cohen, |\.B E. 

The Chairman, ojK'ning the procoediiif^s, saifl ft was a great 
pleasure to scu* so many friends from all parts of tlie world assembled 
for the purpose of the discussions Provision was made in the 
programiiKs he said, for the ('hairman’s introductory remarks, and 
it had been suggested that he might talk about the political aspect 
of the industry. He felt, however, that as the oil industry had been 
struggling for years to free* itself from political contagion, this was 
the last thing the Section would deesin^ to deal with Therefore, he 
propost'd to proceed immediately to the business of the Section 
Mr Kewley (Vice-Chairman and General Reporter) tlien yiresented 
his (jeiieral Ri'jxirt. 

Mr. J. Kewley (Vice-('hairman, Great Britain), who opened thedi.s- 
cussion on the pajiers ])resenti*d to Section K, drew atti‘ntion also to a 
paper by Professor J. Elm, of Russia, which was presented later, in 
Section E, in which it was iioinled out that the fiirtlK^r development 
of the natural gas industry in l^ussia would hv of special value 
owing to the fact that the Russian crude oils wen* so deficient in 
the low-boiling fractions that the whole of the distillate, with 
sufficiently low endpoint, could not be used for making gasoline. 
This ap[)lied, of course, to seveial other types of crude oil in various 
fields vSuyiplementing Mr. Davenport's jiaper, he said that in 
addition to the three methods mentioned for meeting the ever- 
increasing demand for motor fuels, several other factors should be 
considered. The first was the develoyiment of engine design This 
was going on in two directions: (1) that of increasing the efficiencies 
of engines which ran on existing volatile fuels, tlius making better 
use of the available gasoline, and (2) that of developing the heavy 
oil engine so that it could, partly at any rate, do the work now done 
by gasoline engines, thus making much larger suyiplies of fuel avail- 
able. Another factor was the recent development in the direction 
of altering the quality of the gasoline manufactured so as to permit 
of its being used in engines of higher efficiency. One of the limits 
imposed on the development of gasoline engines in the direction of 
higher efficiencies was that due. to the tendency to detonate, ex- 
hibited by many types of gasoline. Efforts were, therefore, being 
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made to improve the anti-knock values of gasoline fuels. So far 
as could J^e^een at present, this could be effected in two ways: (1) 
by the development of high-temperature vapour phase cracking 
processes, which produced hydrocarbons of high anti-knock value, 
and (2) by the addition of anti-knock dopes to existing fuels The 
former method would thus have a double influence on the gasoline 
price, in that it would not only increase the quantity, but also 
improve the quality, of gasoline supplies. The second method was 
limited in its application. The extension of the use of the heavy 
oil engine and the development of cracking processes seemed to him 
the most promising directions from which to expect cheaper gasoline. 
He did not agree with Professor Defay, who Regarded the cracking 
process as a transitory solution; nor did he agree that cracked 
gasoline was of poor quality. 

As the result of such developments, a large jiroporlion of the crude 
oil supjilies would bei ome available for motor traction in its broadest 
sense, and thus permit of the reserving of the more volatile fuels for 
special purposes. 

The cracking process seemed also to offer a hopeful solution of the 
problem of utilising the oils which would be available in the distant 
future as a result of the distillation treatment of shales, coals and 
the like. This raised the question of the future sujqilics of crude 
petroleum. Incidentally, he had made a calculation of the total 
volume of crude oil which had been extracted from the earth. 
When expressed in millions of barrels it seemed a large amount, 
but it did not appear so large when expressed in cubic measure- 
ments. The total world production of crude oil since 1 859 amounted 
to only 0-8 cubic mile, which represented only a very small percent- 
age of the potentialities of the petroliferous areas of the world. 
There was still another direction in which to exjiect developments 
which would cheapen the price of petroleum fuels It had been 
pointed out by Mr. Davenport that gasoline had to bear a large 
share of the costs of working uj) the crude oil. This share could be 
reduced by increasing the number and importance of the products 
derived from petroleum The great expansion of the petroleum 
asphalt industry during the last few years afforded a good example 
of this effect. The quantity of asphalt made in tlie United States 
m 1919 was 1] million tons, and in 1926 the quantity made there 
was 3^ million tons This particular development was of especial 
interest, as good roads meant reduced fuel consumption. It was 
indeed fortunate that the industry which by its development pro- 
duced cheap fuels jiroduced also the necessary concomitants, 
lubricating oil and road surfacing materials. It also produced 
carbon black, the incorporation of which into rubber had so wonder- 
fully improved motor tyres during the last ten years. 

There were, however, indications of great developments j^ending 
in the direction of the manufacture from petroleum of many products 
which, though not fuel, would have their effect in reducing fuel 
prices. The vast quantities of natural gas which were now wasted, 
or at best had only fuel value, would in the near future undoubtedly 
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find new applications as basic materials for the manufacture of 
valuable products, such as formaldehyde, alcohols, and so forth. 
The gases from the cracking process would furnish alcohols, glycols 
and a multitude of products which would readily be made from the 
reactive unsat iiratcd Jiydrocarbons. These factors might reason- 
ably be expected to play a part in keeping down the price of those 
derivatives in which the Conference was particularly interested 
Dr. (i. Egloff (U.S.A ) said that the total quantity of crude oil 
produced in the world since the foundation of the industry was 
about 16 billion (sixteen thousand million) barrels, and Mr Kewlcy’s 
statement that that quantity would occupy a space of 0-8 cubic 
mile showed how insignificant it was in relation to the total supplies 
available, (k'ologists had indicated that in the United States there 
were something like 1,100 million acres of land ccVitaining oil, and 
that we weri' at present producing oil from only apout two million 
acres. Recently a commencement had been made to develop a 
vast area of oil-bearing lands in West Texas, the potentialities of 
whicli staggered the imagination. P'roin each of ten producing 
wells there had beem obtained an average of 17,6(X) barrels per day, 
at a depth of 1,100 ft. If all the wells which had been prorated in 
the West Texas field were permitted to flow to their full capacity, 
they would produce over 34 million barrels of crude oil per day, 
which was more than the whole world could absorb. When one 
considered the vast potential supplies of oil available, not only in 
the United States, but in Mexico, and the South American States, 
such as ('olombia, Peru, and Venezuela, as well as in Russia and 
other parts of the world, it would be ai)preciated that there existed 
potential supplies in excess of any reasonable demand for many 
years to come. Dealing with the consumption of motor spirit, he 
said that in Great Britain there was one motor car for every thirty- 
seven persons, in France one for every forty persons, in Germany 
one for every 148 persons, and in Italy one for every 250 persons. 
He saw no reason why, with reasonable legislation, the reduction 
of taxation on motor cars and gasoline, the reduction of the price of 
motor cars, and the widening of roads, there should not be 24 million 
motor cars — or one to every twenty persons — in Europe ten years 
hence. It might be asked where the gasoline was to come from 
but he believed there were sufficient oil supplies in sight to last at 
least 100 years. In his opinion the price of gasoline in the United 
States had been very low, in the past three yeais at least, and the 
quality had improved in the last seven years. The average end- 
point of the ga.soline in the United States at present was about 
410°F., which meant that the refiners were now extracting about 
12 per cent, less gasoline per barrel of crude oil than was the case 
when the endpoint was from 437 to 450°F. The suggestion that 
the endpoint should be reduced and so less gasoline extracted was 
made by a large group in the United States in order that more crude 
oil should be used. The price of gasoline at refineries for two years 
had ranged from 5j to 7 cents per gallon, and it was now about 
cents per gallon. The refineries in the United States were at 
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their wits' ends to opeji up new fields for their products, and one 
direction in ^vhicli they had been working was to push the household 
use of fut;J oil or gas oil, particularly gas oil. Five years ago there 
were about 100,000 burners used in households and office buildings 
in the United States; the number of burners used there at present 
for household heating purposes had increased to 1,100,000, and the 
consumption of gas oil for such purposes had increased to something 
like 70 million barrels per annum. That was a valuable outlet for 
the products of the refiners. Discussing other outlets for the 
products of the refineries, he said that in Germany they were 
oxidising paraffin wax f)n a commercial scale, in order to produce 
products such as phenolic compounds suitable* lor emulsion making, 
and converting asphalt into an emulsion for spreading on to the 
roads. In the United States during the last five years they had 
created practically a new industry by producing roofing paper from 
wood pulp mixed with asphalt on a regular paper-making machine 
For some of the synthetic products of petroleum, such as isopropyl 
alcohol, there was a demand, but it was not very large, and many 
technicians were working on the problem of synthe.sising rubber 
from the gases piroduced in cracking On the assumption of 1 per 
cent, butadyenc in the cracking gases, he had calculated that there 
could be produced from the cracking gases in the United States- 
which amounted to something like 200 billion cu. ft per annum- 
something like 396 million lb. of a rubber-like material per annum. 

The Chairman, who prefaced his remarks by saying that h(‘ 
intended fo be provocative, said he had heard such loo.se expressions 
as "better quality petrol," but he did not know who would dare to 
say that one petrol was of better quality than another It seemed 
to him that the experts had a long way to go before they could 
tell us that any one petrol was really going ultimately to be a better 
source of power than another. The elimination of high boiling point 
fractions had been spoken of as though it constituted an improve- 
ment in quality. He was not at all sure, however, that the fractions 
eliminated were not some of the most valuable, and that the tech- 
nical men had not yet gone far enough to be able to show how to 
use them to advantage. With regard to the economics of the 
industry, he said that perhaps Mr. Kewley was a little optimistic 
in thinking that the development of Diesel engines would necessarily 
make gasoline cheaper. As one interested in making the oil indu.stry 
serve humanity more and more, he hoped to see the time when the 
development of the Diesel engine would give rise to a spirit of com- 
petition between the user of the Diesel engine and the user of the 
automobile — the Diesel engine man trying all the time to keep the 
fine heavy fractions in the part which he wanted, and paying 
increasingly higher prices for them because he could put them to 
better advantage, and the automobile man trying to put those 
fractions into the cracking still. He did not know which of those 
two competitive elements the World Power Conference would like 
to see succeed, but his feeling was that in this serious age the Diesel 
engine user should succeed and should capture a large proportion 
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of the total crude oil production. In that sense we might find 
ourselves unable or unwilling to waste it in the cracking stills, and 
might put it straight into a very efficient internal combustion 
engine. There had been references recently to a Diesel engine 
which was going to be used for automobiles. It had been hailed 
as though it were something that was going to make travelling 
on the road much cheaper, because Diesel oil was at the moment 
cheaper than petrol, but it was well to reflect that, as was stated 
in one of the papers under discussion, the so-called values of petro- 
leum products were purely functions of supply and demand. If, as 
the result of the activities of the experts in the petroleum industry, 
the heavy fraction became more in demand, it would not be long 
before that lieavy fraction had to protect itself by asking the same 
price for its use as for the use of the lighter fractions It was very 
ea.sy to realise the cost of the light fraction as beijig almost exactly 
the same as that of the heavy fraction They all came out of the 
earth together, and we were thrown back on the \final test of the 
real value of each as a producer of power This scientific assembly 
could afford to neglect fortuitous passing currents of differences 
in value such as those which existed to-day between jietrol and 
heavy oils 

Mr W. a. WiiATMOUGH (Great Britain), who had been studying 
the conditions under which petrol could be used to the best advan- 
tage, said there was no question that in engine practice the first 
and foremost quality desirable in a i)etrol was the so-called volatility, 
and that was best represented by mean volatility, which could be 
measured in many ways. Some preferred to calculate it from 
what was called in this country Engler's distillation curve, and in 
America the A.S T.M. distillation, or it was possible to determine 
the mean volatility by boiling the petrol continuously under con- 
ditions in which eventually it attained a mean boiling point. In 
actual practice that mean volatility, cither calculated or determined, 
had a definite relationship to petrol vaporisation in the induction 
pipe, and, provided that a corresponding air temperature was used, 
excellent distribution of combustible mixture, which was the first 
step to combustion and power production, followed naturally. The 
No. 1 petrol in this country would give periect distribution with an 
air intake temperature round about 110 or 120''F. By paying 
another 3d. or 4d. per gallon for aviation spirit, one was able to 
obtain similar distribution with a temperature reduced by 10 or 
15°F., but those who wished to save money, and to obtain more 
value for money, could use the commercial petrol, and the induction 
temperature needed to be raised only about lO'^F. above that 
required when No 1 spirit was used. He held no brief for the petrol 
companies, but he felt compelled to say that the big companies did 
provide very good and consistent supplies of No. 1 petrol in this 
country. The basis of engine design and carburation depended 
upon the continued supply of that good quality petrol. There 
were a number of distillates offered as petrol, but which were by no 
means so consistent in quality as were those supplied by the big 
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companies. From the point of view both of tlic user and the engine 
designer it *vas exceedingly important that there should be some 
recognised standard for No 1 petrol, because that was the grade 
which sold most and controlled the quality of petrol on the market. 
With regard to the produel ion of the so-called anti-kjiock petrol, he 
said that was really an endeavour on the part of petrol ])rodnrers 
to overcome to a certain extent bad engine design. On the other 
hand, there was no disadvantage in using a petrol of high anti-knock 
quality. The idea that anti-knock fuels were netessary to stop 
engine detonation had been greatly exaggerated, and in his opinion 
fuel testing was nothing like so accurate from an anti-knock ])oint 
of view as it was from a distillation point of view. 

This concluded the discussion on Section F 
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DIE KI^NNZEICHNUNG VON MOTORBENZIN 

(THP: CHAHACTKKISTK S (^F MOTOK SPIRIT) 


GESELLSCHAFT FUR WARMEWIR'l SC'IIAFT, WIEN 


Falser A r; FX 


( ONTEXIS 

INTRODUCTORY— SPECIFIC' GRAVITY- HOII IN'(. KANC.J'S — METHODS OF 
CHARAC TERISATION -MXED fOUJCANC ES- -SPEC IFIC ATIONS 
RhSUMF 


ITcnzin besteht aus leichteii iiiul schwen^n Kohlenwasserstoff- 
verbindungen, die. bei vorschicdtTien Tenipcratiircn verdampfen 
Sicdcdie^^inn der leichtcii iind Sic'decndpunkt derschweren Verbindun- 
gen Sind ebenso wenig an bestimmte TcrnpcTaturgrenzcn gebunden, 
wic die Antcile, die bei den vcrschiedencn Ti?nipcraturcn iibcrgehen 
sollen. Daraus ergibt sicli cine uniiberscbbare Fulle von Zusammen- 
setzungen, die die Eigenschaften des l-Jcnzins als Motorbetriebsstoff 
wesenthch beeinflusscn. Leistung und Betric^bsstoffvcrbrauch stchen 
bei einer bestimmlcn MotoremstelJung in unmittelbarern Zusam- 
inenhang mit den Eigenschaften des IJiHizins, es ist deshalb begreif- 
lich, dass Richtlinein fiir die Kcnnzeichniing cler verschiedenen 
Benzinsorten dort schwer vermisst vverden, wo die fkdriebsfuhrung 
auf die giinstigste Brennstoffausniitzung Wert legt. 

Schon vor dem Kriege, wo der Kraftwagen noch langc nicht die 
Bedeutung als Nutzfahrzeug hatte, wie c's jetzt der Fall ist, war der 
0 ester reichische Aulomohiltcchmschc Vereiu bemiiht, die handels- 
ubliche Kennzeichmmg iiach dem spczifischen Geudchl auszuschalten, 
Im alten Ocsterreich-Ungarn wurdeii die Beratungen und 
Vorschlage von der Tatsache beherrsrht, dass das auf den Markt 
gebrachte Benzin fast ausschliesslich galizischcn Ursprunges war 
und dass deshalb unter gewissen Voraussetzungon ein Einheits- 
benztn fiir den Motorbetricb erzeugt werden keinne. Nach dem 
Zerfall Oesterreich-Ungarns haben sich die Verhaltnisse auf ^em 
inlandischen Benzinmarkt vollstandig verandert, sie haben in 
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gewisser Hinsicht eine ^nliche Gestalt gewonnen, wie in anderen 
Staaten, die auf ausl&ndischen Bezug angewiesen sind. , 

Die Verarmung Europas hat iiberall den Gedanken ausgelost, die 
Wirtschaftlichkeit der Betriebe im allgemeinen zu heben und im 
besonderen die Warmewirtschaft zu pflegen. In Oesterreich war die 
Tragerin dieses Gedankens die im Rahmen der technischen Ab- 
teilung des Hauptverbandes der Industrie gegriindete Gesellschaft 
fur Warmewirtschaft, deren Arbeitsausschuss fur fliissige Brennstoffe 
die Frage behandelte, wie Motorbenzin zu kennzeichnen ist. Welche 
Eigenschaften Motorbenzin haben soil, wurde nur insofem crdrtert, 
als sie zur Kennzeichnung unerlasslich sind. Der Uuterausschuss 
hatte somit die Aufgabe, die vor dem Kriege vom Oestferreichischen 
A utomobil technischen Verein eingeleiteten Arbeiten fortzufiihren, 
und es war selbstverstandlich, dass zum grossen Teile auch dieselben 
Personen die Arbeiten weiterfiihrten. 

Die am Schlusse des Artikels wiedergegebenen “Richllimen/’ die 
nunmehr vorliegen, sind das Ergebnis zahlreicher Beratungen und 
Versuchc; sie stellen eine Vereinbarung der Benzinerzeuger und 
Handler mit den Bonzinverbrauchern dar. 

Spezifisches Gewicht. — Im Handel und in den Zolltarifen wird 
allgemein das spczifische Gewicht (Dichte) vomehmlich oder 
ausschliesslich als kennzcichnende Eigenschaft verwendet, wiewohl 
allgemein erkannt und anerkannt ist, dass das sfezifische Gewicht fur 
die Beurteilung des Benzins keine oder nur eine hochst tmtergeordnete 
Bedeutung hat. 

Urspriinglich war Benzin ein Nebenerzeugnis der Erdolverarbei- 
tung; es konnten deshalb auch Sonderwiinsche der Verbraucher 
weitgehend berucksichtigt werden. Verlangt wurden gewohnlich 
enge Siedegrenzen und da innerhalb solcher bei demselben Ur- 
sprungsstoff das spezifische Gewicht nur gcringfiigig schwankle, 
war es auch zulassig, Benzin durch das spczifische Gewicht zu 
kennzeicfinen. Ueberdies hat die Internationale Petroleumkom- 
mission auf ihrer Tagung in Wien^ fiir die Handelsublichkeit aus- 
gesprochen, dass innerhalb der Siedegrenzen die Hauptmenge 
(z.B. 75v.H. und mehr) uberzugehen habe; dadurch sind auch dem 
spezifischen Gewicht gewisse enge Grenzen gesetzt. 

Mit der Entwicklung des Kraftfahrwesens steigerte sich die Nach- 
frage nach Benzin als Betriebsstoff in fast ungeahnter Weise, so 
dass die Benzinerzeuger bei der mehr oder minder geringen Ausbeute 
aus dem Erdol gezwungen waren, die Siedegrenzen immer weiter 

^Hauptversaramlung der Internationalen Petrolcumkommission m Wien 
1912. Protokolle und Rcferatc erscliienen iin Verlag fur Fachliteratur, Wien. 
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zu w&hlen, wodurch das spezifische Gewicht fiir die Kennzeichnung 
von Benzin v^ohl seine sachliche Berechtigung einbiisste, aber dennoch 



OE ST ILL AT 

Abb 1. Siedelinien von Beiuiru*n 


seine alte Handelsiiblichkeit beibehielt. Doch auch diese weiteren 
Grcnzen gingen in der Entwicklung verloren, indem fiir die ver- 
schiedenstcn Sorten die verschicdensten Namen und Einteilungen 
gewahlt wurden.2 Die iiblichsten Bezeichnungen sind jedoch: 
Leicht-, Miitel- und Schwerhenzin. Das spezifische Gewicht 
jcder Sorte ist annahernd durch Grenzzahlen gekcnnzeichnet, die 
sich mit steigendcm Benzinbedarf stets nach oben verschiebcii. 
Dieterich® teilte im Jahre 1916 nach spezifischem Gewichte 
ein: Leichtbenzin 0,650/700, Mittelbenzin 0,701/720, Schwerbenzin 
0,731/750, wahrend vom 1. Mai d.J. handelsiiblich geliefett wird: 
Leichtbenzin 0,725/735, Mittelbenzin 0,750/753, Schwerbenzin 
0,760/765. 

Der unerfahrene Verbraucher meint, stets denselben Betriebsstoff 
zu verwenden, w'enn er nach der handelsublichen Bezeichnung 

“Engler-Hofer. Das Erdol, Band IV Seite 31, Verlag S Hirzel, Leipzig, 1916 
Doiiath-Groger' Treibmittel der Kraftfahrzeuge, Seite 31, Verlag Julius 
Springer, Berlin, 1927 

Holde: Kohlenwasserstoffble und Fette, Scile 5, Verlag Julius Springer, 
Berlin, 6. Aufl 1924. 

^Dieterich Untcrschied und Prufung der leichten Motorbetnebstofte. Verlag 
des EuropHischen Motorwagenvereines. Berlin, 1916. 
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Benzin vom selben spezifischen Gewicht bezieht. Ergeben sich nun 
nach dem Neubezug von Benzin Schwierigkeitcn im Betrieb, so 
vermutet er vorerst Mangel im Motor, deren Aufsuchung mitunter 
zeitraubend ist und erst, wenn alle Bemiihungen erfolglos waren, 
kommt er darauf, dass ihm wohl cin Benzin desselben spezi- 
fischen Gewichtes, aber mit ganz anderen Betriebseigenschaften, 
gelieferl worden war. 

Welche wechselnde Zusammensetzimg Benzin desselben spezifischen 
Gewichtes haben kann, zeigen z.B. die im chemisch-physikali- 
schen Laboratorium der Versuchsanstalt fiir Kraftfahrzeuge, Wien, 
ermittelten Siedelinifti. (Abb. 1 ) 

Kdnnen also Benzinsorten desselben Ursprungsstoffes und dessel- 
ben spezifischen Gewichtes in bctriebstechnischer \Hinsicht schon 
wesentliche Unterschiede aufweisen, so gilt dies welt mehr, sobald 
man die spezifischen (iewichte von Benzin verschiedeVier Ursprungs- 
orte vergleicht So hat z.B. Automobilbenzin von 60 bis 100'^ Siede- 
punkt ein spezifisches Gewicht von 0,680/85 aiis amerikanischem, 
dagegen 0,695/700 aus indischcm, riissi.schem und galizischem und 
0,745/50 aus Borneoerdcil ^ 

Trotzdern also das speziftsche Gewicht die Eigeiischaftcn dcs 
Benzins als Betnebsstotf nicht kennzeichnet, haben es die "Richt- 
linien," wenn auch nicht an ersler Stelle, dennoch her'^mgezogen, 
weil hicrdiirch bei grossen Unterschieden bis zu einem gewissen 
Grade das Ursprungsland erkennbar ist Viel wichtiger aber als 
dieser Gcsichtspunkt war, dass motortechnisch das speziftsche 
Gewicht bei der Schwimmereinstellung des Vergasers cine RoUe 
spielt. Wird z.B. der Schwimmer fur ein Schwerbenzm so emgcstellt, 
dass der Brcnn.stoff bis zur Diiseninundiing reicht, so rinnt bei 
derselbcn Schwinimcrbelasl ung Leichtbenzin iiber, wodurch nicht 
nur Brennstoff vergeudet, sondern auih Feuersgefahr heraufbe- 
schworen wird. Dicse betriebstechnischcn Griinde waren 
vornehmlich massgebend, dass fur die Kennzeichnung von 
Benzin an letzter Stelle auch das spezifische Gewicht herangezogen 
wurdc. 

SiEDEKNDPUNKT FUR 95 ccM Destillat. — liu Ziindcrmotorcn- 
betrieb sind die schweren KohlenwasserstolfvTrbindungcn unan- 
genehm. Thre Verbrennung hinterlasst auf dem Kolbcnboden, auf 
den Ventilcn und im Verbrennungsraum des Motors Rucksidndc, 
die den Warmeabfluss stdren und nach einer mehr oder minder 
langen Bctriebszeil entfernt werden miisscn; Zundungsklopfen, 

*Engler-Hofer Das Erclol, TV. T^cJ. S. 501. 
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utidichte Ventile iind Mehrverbrauch an Brennstoff sind die 
Bcgleitersch^inuiif^en vcrkrustett^r Verbronnungsraume. Hetricbs- 
techniscbVar dcshalb grosser Wert daraiif zu legcn, dass sclion bei 
der einfachsten Kcniizeirhnung von Berizin dcr Siedecndpunkt 
angegeben wird. Erfahrene Vcrsuchschcmikcr stelltcn jcdoch fest, 
dass die Erinittlung dcs Siedeendpunktes, d.li jener 'J'emperatur, 
bci dcr lilies J^enzin li hordes tilliert, besonders bei rleii holion Toni- 
peraturon nicht init genngendor Genauigkcil diirohgofiihrt werden 
kann. Da nun gerade dicsem Piinkto, dom inotortorlinisch die 
gnisste Bedoutung boigelogt wird, nnr goringc* Mosstoloraiizoii 
zugostanden worden soil ton, oiitschloss man sioh, als “Siodo(*nd- 
piinkt” don Siodopunkl fur 95 com Dostillat zu walikui, ci h , jone 
Temperatur, bei dor 95 c'cm von 100 com ubordostilliert sind Bei 
don houto fur don Motorbotriob ublirhcn Honzinsorton ist dioser 
SiedoiHinkt mit gcnugond(‘i Gonauigktnt ftstzListollon, ist jodoch 
95 coin Dostillat niclit orrciciibar, woil sclion fruher ("lackorse'lioinun- 
gen auftroton. so ist die Zahl der Kiibikzen time tor auzugebon, bei 
dor dor Siodcyiunkt noch gonau zu ormitteln ist 

Bns 100' uuhHGKnKNDE An'ikile -Der Siodobegmn ist insboson- 
dcro bei den loicliten Kohlenwasscrstoffvorbmdungeii nicht mit 
grosser Gonauigkoit h'stzustellen Nun spiolen fur den M(;tor- 
botricb die’ bis 100 ’ ubergohonden Antoilo koine so vorschiodonartige 
Rolle, dass aiif ihro rrenming nach vorschiodenon Teniperatur- 
graden bosondorer Wert zu logon ware Deswogon, und urn oine 
griissorc messtechmsche Genauigkeit zu erzielen, oinigte man sich 
darauf, die bis 100'' ubergohonden Antoilo zusarnmonzufasson, 
zumal sie ja alle fiir das Anlassen, besonders bei I'loftomporaturen, 
gleich gute Dionste leisten und im Betrieb selbst koine Unterschiede 
zcigon. 

SiEDEVERLAUF (Siedelinie) . — Die Konuzeichnuiig von Benzin 
nach dom Siedeverlauf ist in Fachkreisen allgemein bekannt; es soil 
hier nur darauf hingewiesen werden, dass der Siedeverlauf in den 
normalisierten Destillatiofisapparatm nach Eni:leY-Uhhelohcle zu 
ermitteln und hiebci das vorgescliriebcne Verfahren zu beach ten ist.® 

Arten der Kennzeichnung. — Um den verschiedenen Anspruchen 
des Handels entgegenzukommen, wurden drei Arten der Kennzeich- 
nung von M otorenhenzin beschlossen 

(1) “Siedeendpunkt'' (fur 95 cem Dostillat) und spezifisches 
Gcwicht. 

®Holcle- Kohlenwasserstotlole und Fctte 6 Aufl 1920, Verlag Springer, 
Berlin, S 101 
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(2) Bis 1 00° iibergehende AnteOe in Kubikzentimetem, Siedeend- 

punkt (fur 95 ccm Destillat) und spezibsches Gewicht. 

(3) Siedeverlauf (Siedelinie) und spezifisches Gewictit. 

Zur Ahkurzung kommen folgende Zeichen in Betracht: 

Fiir die erste Art Temperatur des Siedeendpunktes und spezifisches 
Gewicht, z.B. 160-750/53; 

fiir die zweite Art die bis 100° ubergehenden Anteile v.H., Siedeend- 
punkt und spezifisches Gewicht, z.B. 20-160-750/53, 
fiir die dritte Art die durch eine Wellcnlinie angedcutete Siedelinie 
und spezifisches Gewicht, z.B.~750/53. 

Messtoleranzen. — Die vereinbarten Mcsstolerajnzen sind das 
Ergebnis von Untersuch ungen, die von vcrschiedenen fachkundigen 
Personen mit normalisierten Apparaten an mehreren\ Stellen durch- 
gefiihrt wurden. Es zeigte sich, dass die Ermittlung der bis 100° 
ubergehenden Anieile Abweichungen bis ± 5 ccm ergao, was auf die 
Fliichtigkeit des Eeichtbenzins zuruckzufiihreii ist. Bcim Siedeend- 
punkt fiir 95 ccm liegen bei sorgfaltiger Destination kleinere Mess- 
fehler vor, weshalb die Messioleranz mit ± 1 ccm festgelegt wurde. 
Dass bei der Siedelinie verschiedene Toleranzen zugelassen werden, 
z.B. bei 94 ccm noch ± 5 ccm, bei 95 ccm. jcdoch nur -1- 1 ccm, ist 
in der Wirklichkcit nicht von Belang. Sprunge kommen in Siedeli- 
nien nicht vor, der Verlauf kann als stetig angesehen werden; 
daraus ergibt sich, dass die Toleranzen gegen den Siedeendpunkt 
stets kleiner werden und sich bei 95 ccm. dem Grcnzwert ± 1 ccm 
nahern. Daher konntc man insbesondere im Hinblick auf die 
anzustrebende Vereinfachung auf die Festlcgung einer eigenen 
Toleranzhnie verzichten. 

Fiir das spezifische Gewicht wurde der Messfehler nach oben odcr 
unten mit eineni Punkt in der dritten Dezimale festgelegt; auch ist, 
wie aus den Richtlinicn zu ersehen ist, fiir Streitfallc ein eigenes 
Ermittlungsverfahren zur genauen Restimmung vorgesehen. 

Gewandte Messtechniker werden finden, dass sie solch weiter 
Toleranz nicht bediirfen, die Grenzen hatten enger gezogen werden 
kbnnen. Nun ist zu bedenken, dass im Wirtschaftsleben an Personen, 
Messbehelfe und mitunter auch an die Zeit keine grossen Anspriiche 
gestellt werden konnen; iiberdies steckt in den Messtoleranzen auch 
etwas Warentoleranz, ein kleines Zugestandnis, das gerne gemacht 
wurde, weil es sich doch um eine erste Vereinbarung handelt, der 
eigen tlich mehr kaufmannischer als technischer Wert zukommt. 

Warentoleranzen. — Da die Messtoleranzen nicht engherzig 
gefasst wurden, sind Warentoleranzen nur fiir Sonderf^e 
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vorgesehen worden. Fiir Markenbenzin, wie es z.B. in den Pump- 
verkaufsstellen erhaltlich ist, wurde die Kennzeichnung nach der 
zweiten Art bestimmt, jedoch noch Warentoleranzen in der Hohe 
der Messtoleranzcn vereinbart; iiberdies sind bei dem Siedeendpunkt 
fiir 95 ccm Abweich ungen von — 4 oder + 1 ccm. zugestanden. 

Ferncr wurde eine Warentoleranz in der Hdhe der Messtoleranz 
zugestanden, wenn ein bestimmtes spezifischcs Gewicht zugesichert 
ist. 

Der Ausschuss fiir fliissige Brennstoffe der Gesellschaft fiir Warme- 
wirtschaft war in den zahlreichen Sitzungen stets bcmiiht, die 
verschiedenen Wiinschc der Erzeuger und Verbraucher auf eine 
mittlere Linie zu bringen, um iiberhaupt zum ersten Male Richt- 
linien aufzustellen, die einige Klarheit in den Motorbenzinhandel 
zu bringen berufen sind. Es war immer peinlich, in Streitfallen, 
z.B. vor Gericht, hervorragende Fachleute abweichende gutachtliche 
Aeusserungen abgeben zu hdren, well allgemein giiltige Grundlagen 
fiir die Kennzeichnung von Benzin fehlten. Sobald die nun folgenden 
Richtlinien sich im wirklichen Leben eingefiihrt haben, soil eine 
etwas straffere Fassung, erganzt und berichtigt durch die inzwischen 
gemachten Erfahrungen, gewahlt werden. 

Richtlinien fur die Kennzeichnung von Motorbenzin 

(1) Einfachste Form: 

(a) Siedeendpunkt fiir 95 ccm. Destillat (d.i. die Temperatur, 
bei der 95 ccm von 100 ccm iiberdestillicrt sind) 

(h) Spezifisches Gewicht. 

(2) Schdrfere Kennzeichnung: 

(а) Bis lOO'^C iibergehende Anteilc in Kubikzentimetern. 

(б) Siedeendpunkt fiir 95 ccm Destillat. 

(c) Spezifisches Gewicht, 

(3) Schdrfste Kennzeichnung: 

(а) Siedcverlauf (Siedelinie) . 

(б) Spezifisches Gewicht. 

I . — Messtoleranzen 

(A) Bis 100°C iibergehende Anteile: zulassige Abweichung ± 5 ccm. 

(B) Siedeendpunkt fiir 95 ccm von 100 ccm: zulassige Abweichung 
± 1 ccm (94 bis 96 ccm). 

(C) Siedelinien:^ Bei den von 10 zu 10° zu ermittelnden 

•Fur die Schaubilder von Siedchnicn sind als Abszissen die Kubikzentimcter 
(Raumteile v.H. der 100 ccm betragenden Fullung), als Ordinatcn die Tem- 
peraturen aufzutragen. Tm Slreitfall ist die Nullinie aus dem arithmetischen 
Mittel der von zwei bsterreichischen, fiir dieses Gebiet behbrdlich autorisierten 
Vcrsuchsanstalten gefundenen Werte zu nehmen, die jedoch untercinander 
hbchstens 3 v.H. abweichen diirfen. 
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Destillatmengen sind Abweichungen bis ± 5 ccm statthaft (fiir den 
Siedeendpunkt fiir 95 ccm von 100 bleibt aber .dennoch die 
zulassige Abweichung nur ± 1 ccm). * 

(D) Spezijisches Gewicht:'^ Die Angabcn uber spezifisches Gewicht 
diirfcn nur um cinen Punkt in der dntten Dezimale abweichen. 

II. — Warentoj-eranzen 

Fiir die unter be.sondcren Namen niarktgiingigen Benzine, die 
sogenannten Markenhenzine. Kennzeichnung nach 2, wobei neben der 
Messtoleranz noch cine Warentoleranz zugelassen ist: 

(A) Bis 100° ubergrhcndc Anteilc 5 ccm (somit (jcsamttoleranz 
± 1 0 ccm) . 

(B) Siedeendpunkt fur 95 ccm von 100 ccm 4+1 isomit Gcsamt- 

toleranz - 5 ccm + 2 ccm). \ 

(C) Spczifische.s Gcwicht L 0,004 (somit Gesainttoletanz i 0,005). 
Fiir sonstiges Motorhenzin: 

(A) Bis 100° libergehcndc Anteile' kcine Warentoleranz. 

(B) Siedeendpunkt fur 95 ccm von 100 ccm: keine Warentoleranz. 

(C) Siedelinien: keine Warentoleranz. 

(D) Spczifisclies Gcwicht' 

{a) keine Warentoleranz. 

(b) wird nur ein Wert angegeben, so gilt neben der Messtoleranz 
noch erne gleich gros.se Warentoleranz von einem Punkt 
in der dritten Dezimale, so dass die Gesamttoleranz 
(Mess- und Warentoleranz) ± 2 Emhcitcn der dritten 
Stelle betragt. Zum Beispiel 740 darf 738 oder 742 haben. 

kRsumi^ 

(SptciALLY Prepared) 

Classification of motor spirit by specific gravity, commonly employed in 
Austria by the Irade and by the Customs, was of sufhcient accuracy when 
spirit was drawn from one source only, namely, (iaiicia Put since the loss of 
Galician supplies, and due to the many sources ol origin, a .specification on 
specific gravity alone has been found to give little indication of tpiality and 
the peculiarities winch manife.st thcm.selvcs during consumption. 

It has been clearly shown that motor spirit of the same specific gravity may 
have many different characteristics when examined by means of fractional 
distillation curve*? 

Consumers, having been accustomed to the single quality of spirit, are under 
the impression that when purcha.sing spirit of the same specific gravity these 

’Bei Streitfallen zur genauen Bestimmung des spezifischen (iewichtcs soli 
nur das Pyknometer oder eine analytisclie Wage zugelassen werden. Die 
Abweichungen sind auf einen Niillpiinkt zu be/iehcn, der als arithmetisches 
Mittel von den Messungsergebmssen zweier osterreichischer fur dieses (icbiet 
behordhcli autorisierter Versuchsanstalten zu eriechnen ist, die voneinander 
nicht inehr als 5 Einheiten in der 4. Dezimalstelle abweichen durfen. 

578 


a19 



AUSTRIA: CHARACTERISTICS OF MOTOR SPIRIT 

supplies should be of a uniform character in operation. When difficulties are 
experienced tjiese are put down to the engine, whereas the spirit is the true ' 
cause on ifccount of its varying composition 

Numerous experiments by the “Society for Fuel Economy," in conjunction 
with producers, factors, and consumers of motor spirit, have led to the 
following conclusions and suggestions. 

Although the fractional distillation curves give a truer indication of the 
characteristics, it is necessary at the same time to quote the specific gravity, as 
variation from heavy to light grades give rise to trouble with the setting of the 
carburettor float. 

The temperature at which 95 of 100 ccm. motor spirit distil over will be con- 
sidered as the “Final Boiling Point “ Should there bp signs of cracking before 
the required 95 ccm distillate can be obtained, the quantity of runnings 
at which the boiling point can be fixed with reasonable accuracy must be 
specified (in cubic centimetres). 

As all fractions with a boiling point of lOOX. or le.ss show no appreciable 
difference in character, they will be quoted collectively. 

To comply with the various requirements of the trade, three methods of 
characterisation have been decided on, details of which will be found tabulated 
in the specification below 

These figures are subject to fixed tolerances, the result of experiments by 
several independent technical experts. The application of these margins and 
customary trade allowances is explained in the specification. 

It has been the aim of the “Society for Fuel Economy" to satisfy 
all interested parties by .striking a happy mean. As the.se suggestions are 
largely experimental and represent an initial attempt in establishing a sound 
basis for the characterisation of motor spirit, the proposals will be reconsidered, 
amended, and corrected, after they have stood the test of application in 
practice and when more data is available 


SPECIFICATIONS 



A 

B. 

C. 

D. 

Simple form. 


Final boiling 
point for 

95 cm. distil- 
late, i e , the 
temperature 
at which 95 of 

1 00 ccm dis- 
til over. 


Specific 

gravity. 

Stricter 

specihcation. 

The quantity 
(in ccm ) of 
fractions boil- 
ing at 100°C. 
or less. 

Final boiling 
point for 

95 ccm dis- 
tillate. 


Specific 

gravity. 

Strictest 

specification. 



Fractional 

distillation 

curve. 

Specific 

gravity. 
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TOLERANCES 



A. 

B. 

C. 

• • D. 

Tolerances 

Fractions 

Final boiling 

Fractional 

Specific 

on measure- 

boiling at 

point for 

distillation 

gravity 

ment 

100°C. or less: 
ih 5 ccin 

• 

95 cem distil- 
late ± 1 t^cm 

curves 

Fractions boil- 
ing between 
successive 

1 C'C ranges 
dr 5 ccm (but 
for the final 
boiling point 
for 95 ccm. 
only rh 1 ccn:(. 
as in B). 

± -001 

Trade 

Fractions 

b'lnal boiling 


Specific 

tolerances 

boiling at 

point for 


gravity. 

on branded 

lOOX. or less. 

95 cem distil- 

1 

+ 004 

motor spirits 

ih 5 cm 
(making a 
total tolerance 
of ± lOccm.). 

late. — 4 cem 
-\ 1 cem 
(total toler- 
ance- --5 cem. 
-1- 2ccin ). 

1 

1 

! 

(total 
tolerance 
f 005). 

Trade 

Fractions 

Final boiling 

Fractional 

Specific 

tolerances 

boiling at 

point for 

di.stillation 

gravity 

on other 

100°C. or less 

95 ccm. di.stil- 

curves i 

(a) No trade 

motor spirits 

No trade 

late. No trade 

No trade 

tc51crance. 

tolerance 

tolerance 

tolerance. j 

i 

j 

i 

1 

(5) It a definite 
figure only is 
quoted an ad- 
ditional allow- 
ance of ± -001 

IS granted 
(total toler- 
ance -f -002). 


580 



THfe AVAILABILITY OF THE ALBERTA 
BITUMINOUS SANDS FOR PRODUCTION 
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K. A. CLARK 
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CONTENTS 
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BIBLIOURAFTIY- Rl^SUM^ 

The purpose of this paper is to give, very briefly, a statement of 
the information now available regarding the bituminous sands of 
Alberta and their potentialities as a source of liquid fuel. In- 
creasingly frequent reference is being made to this occurrence in 
discussions of the sources of liquid fuel throughout the British 
Empire and the world. ^ 

Occurrence. 

The bituminous sand formation lies along the Athabaska river in 
the northern, unsettled part of the Province of Alberta, the 
southern edge of the area being 300 miles north of the city of 
Edmonton. Transportation is provided by shallow draft naviga- 
tion on the Athabaska river through the bituminous sand area, and 
by railway from the head of navigation to Edmonton. 

The formation varies from 100 to 200 ft. in thickness, and is 
revealed by numerous exposures along the Athabaska and tribu- 
tary rivers throughout an area of from 750 to 1,000 square miles. 
The formation as a whole is covered with an overburden of 
unconsolidated material varying in thickness from less than 50 ft. 
to over 100 ft. 

Well impregnated beds have a bitumen content of from 10 to 
16 per cent, by weight, the bitumen being a soft asphalt which will 
pour very sluggishly at ordinary temperatures. It has a specific 
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gravity at 25'^C. of from 1.000 to 1.025, and a sulphur content of 
fiom 4 to 5 per cent. The mineral constituent is sand^ silt and 
clay, the sand particles consisting mainly of quartz and varying 
in size from 50 to 200 mesh. Coarser sand does occur, but the 
finer particles generally predominate. Material passing the 200 
mesh sieve is almost invariably present to the extent of several 
per cent., and may be as high as thirty per cent, of the mineral 
constituent in well impregnated sand. 

The bituminous sand formation consists of lenticular beds of 
sand, silty sand and*clay. The degree of impregnation of these 
beds with bitumen is closely associated with thie silt and clay 
content. The sand is rich in bitumen, silty beds t^nd to be lean, 
while the clay beds have practically no bitumen content. Owing 
to the lenticular structure of the formation, vertical and lateral 
variations are pronounced, there being a decided tei^ency for the 
lower beds of the formation to be the less silty ones and conse- 
quently rich in bitumen. 

The most favourable locations for initial commercial development 
are in the valleys of the Athabaska and tributary rivers. Places 
are to be found where erosion has removed not only the loose 
covering of the formiition but also the upper lean bituminous sand 
beds. Large tonnages of consistently rich material lightly covered 
with loose drift are available for substantial first steps in develop- 
ment work, and once industry is established, accumulating experi- 
ence and changing economic conditions will lead on to the 
utilisation of the main mass of the bituminous sand formation. 

The Mines Branch of the Department of Mines, (Tlawa, has 
surveyed the bituminous sand area topographically and has pub- 
lished maps, togetlicr with a report containing much general 
information.^ The, Scientific and Industrial Research Council of 
Alberta has made detailed cross-sections of some thirty-five ex- 
posures distributed throughout the area, and descriptions of these 
cross-sections, along with the analyses of the complete suites of 
samples have been published.^ 

Recovery of Oil 

Many processes have been tried or proposed for recovering oil 
from bituminous sand, an excellent summary of these being given 
in the report No. 632 of the Mines Branch already referred to.* 
The general process of separation by means of hot water has been 
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studied by the Scientific and Industrial Research Council of 
Alberta, jind adapted to the Alberta bituminous sands/ 

The procedure used consists of a preliminary heating and mixing 
of the bituminous sand with about one-fifth of its weight of dilute 
silicate of soda solution and of a subsequent washing of the 
treated material into a comparatively large body of hot water. 
The bitumen floats to the surface of the water, the latter being 
used over and over again. The procedure has been carried out 
on semi -commercial scale with satisfactory results, and analysis of 
available data indicates a cost of about one "dollar per barrel of 
recovered bitumen for mining the bituminous sand and separating 
it. 

Manufacture of Fuel Oils 

The most efficient method of preparing fuel oils from the 
bituminous sand would appear to be that of submitting the 
separated bitumen to the cracking processes that are being rapidly 
developed and used by the petroleum industry. Cracking tests 
have been made with two commercial cracking processes on 
separated bitumen produced by the Scientific and Industrial 
Research Council. One was made by the Universal Oil Products 
Co , using the Dubbs Cracking Process/ and the other by the 
Kansas City Testing Laboratory, using the Cross Cracking 
Process.® In the case of the Dubbs test, the bitumen was cracked 
directly, while in the case of the Cross test, the bitumen was first 
distilled in a fire still and the distillate cracked. Both testing 
laboratories reported a gasoline yield of over 35 per cent., along 
with from 15 to 20 per cent, of fuel oil, and also commented on 
the exceptionally good anti-detonating property of the cracked 
gasoline. 

A crude oil distillate can be produced directly from the bitumin- 
ous sand by retorting.^ A sample of separated bitumen was sent 
to Germany for berginisation test, but no official results are 
available. Professor Nash has published some data on hydro- 
genation experiments in his laboratory/ 
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resume \ 

Ce rapport contient un bref expose des principaux faits conce^nant la presence 
et la possibilite de se procurer des sables bitummeux dans la province d’ Alberta, 
Canada. Les progr^s qui ont ete reali.s6s par la methode dite “d'eau chaude” 
et qui consistc k s^parer le bitume du sable y sont indiques. Les resultats 
des essais pour la production de combustibles liquides par la methode 
de craquage, en usage dans le commerce, y sont cgalement donnas. On y 
trouvera enfin des rdfdrenccs aux rapports adresses au goiivernemcnt sur les 
sables bitummeux de I’Aiberta. 
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Allgemeines. — Zweck der Kraftfahrzeuge (Kraftwagen, Motor- 
boote, Flugzcuge und Luftschiffe) ist raschcr (zwischen etwa 
20 km /Stunde und 200 km/Stundc) Ortswechscl von Personen oder 
anderen Nutzlasten. Zu diesem Zwecke muss die Gesamtmasse 
von Nutzlast und Fahrzeuggcwicht mit der kinetischen Energie 
behaftet werden, welche Weg und Zeit, mithin der Reisege- 
schwindigkeit cntspricht. Hinzu kommt zusatzlichcr Energieauf- 
wand zur Ueberwindung der Widerstande von Luft, Boden, Wasser, 
von Wegnotwendigkeiten (Steigungen, Geschwindigkeitsverande- 
rungen aus iiusseren Grunden u.a.)- F)er Energieaufwand geht bis 
zum Anhalten des Fahrzeugs restlos als Warme verloren. 

Zur Wahrung seiner raumlichen Freiheit fiihrt das Kraftfahrzeug 
seinen hiemach erforderlichen Energiebedarf in stofflich gebundener 
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Form mit sich. Die Uebertragung von Energie ohne zugeordnete 
Materie auf das frcic Fahrzeug (z.B. drahtlose elektrische Kraft- 
iibertragung) ist fur praktische Zweckc noch nicht gelost. Die 
''Aufladung” von Kraftfahrzeugen mit materiefrcier Energie durch 
Umwandlung von ein fiir alle Male auf dem Kraftfahrzeug befind- 
licher Materie hat in Gestalt elektrischer Akkumulatoren nur sehr 
bcschrankte Anwendungsbereiche gefunden. Eine scheinbar ge- 
wichtslose Energiequelle ist bei den Flugschiffen "leichter als Luft" 
durch Verwendung von Blaugas (Oelgas besonderer Art vom spez. 
Gewicht 1,05-1,10 bei Luft gleich 1,00, mit 15 500 WE/cbm) 
durch die Zeppelin- Wcrkc in Friedrichshafen einge;fuhrt worden. 

Als best gceignete Energieform, welche zeitlich bestandig ist und 
die willkurlich regelbare Umwandlung in die bfendtigte mccha- 
nische Energie vorteilhaft gestattet, hat sich die ch^mische Energie 
von Kohlenwassertoffen, Alkoholen und verwandten organischen 
Verbindungen her ausges tell t. Die Umwandlung der chemischen 
Energie in mechanische erfolgt in Verbrennungsmotoren auf dem 
Umwege iiber Gasdruck bci holier Temperatur, der durch periodische 
Verbrennung des Kraftstoffs in verdichteter Luft bezw. Sauerstoff 
erzeugt wird. 

Der Energiegehalt eines Kraftstoffes ist deshalb durch seinen 
Heizwert bestimmt. Dicser hiingt ab 

(1) vom Kohlenstoffgehalt, 

(2) vom Wasserstoffgehalt, 

(3) vom Sauerstoffgehalt, der als “anteilige Verbrennung” wirkt 

und den Heizwert verkleinert, 

(4) von der Besonderheit dcr chemischen Jhndung (die bei ali- 

phatischen Kohlenwasserstoffen den Energiegehalt ver- 
kleincrt und ihn z.B. beim Benzol ctwas, beim Azetylen 
stark erhbht), 

(5) von etwaigen Verunreinigungen (Schwefel zeigt Heizwert je 

nach seiner Bindungsform, Asche verkleinert den Heizwert 
proportional ihrem Frozen tsatz) . 

Man kann den Heizwert iiblicherwcise auf das Einheitsgewicht 
des Kraftstoffs (kg) beziehen. Offenbar ist ceteris paribus ein 
Krafts toff ganz allgemein umso gimstiger, je kleiner sein ' ‘Energie - 
gewicht” (Kraftstoffgewicht je 1 000 kcal) ist : 


Kraftstoff- 
Benzin... 
Benzol . . . 
Spiritus 
Methanol 


ENERGIEGEWICHTE 

Gramm je 1 000 kcal. 

95 

104 

165 

214 
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Das Energiegewicht spielt eine grosse Rolle bei Kraft fahrzeugen 
hoher Fatgrgeschwindigkeit mit haufiger Beschleunigung, bezw. 
stark w^chselnder Fahrgeschwindigkeit (Personenkraftwagen), sowie 
solchen, welche die Erdschwere uberwinden mussen (Flugzeuge, 
Luf tschiffe) , und eine geringere bei solchen mit geringer Fahr- 
geschwindigkeit (Lastkraftwagen) und verhaltnismassig seltenem 
Geschwindigkeitswechsel (Motorboote) . 

Man kann den Heizwert auch auf das Krafts toff volum beziehen 
(kcal/ Liter) . 

ENERGIEVOLUMINA 


Kraftstoff; 
Benzin... 
Benzol . . . 
Spiritus 
Methanol 


cc je 1 000 kcal 
127 
119 
204 
271 


Das Energic volum eines Kraftstoffes hat grosse praktische Bedeu- 
tung fur alle Kraftfahrzcugc, weil Kraftstoffe international iiber- 
wiegend nach Volum verkauft werden und bei gcgebenem Tankin- 
halt das Energicvolum den Aktionsradius des Kraftfahrzeuges 
bestimmt. 

Encllich muss man den Heizwert oder Energicgehalt eines Kraft- 
stoffes auch auf den Markt])reis beziehen und gelangt so zu dem 
"Energiepreis" eines Kraftstoffs (Pfennige ]e 1 000 kcal). Der 
Energiepreis schwaiikt naturgemass stark mit den Marktverhalt- 
nissen und betragt z.B. (Marz 1928) in Deutschland fur Benzin und 
Benzol 3 4 Pfennige je 1 000 kcal. Bei gleichem spezifischem 
Warmeverbrauch und gleicher technischer Brauchbarkeit ist der 
Energiepreis die massgebende Grundlage zur Beurteilung eines 
Kraftstoffs. Dies ist wichtig, weil zwar die Icichtsiedenden, fliissigen 
Kraftstoffe (Siedekennziffer bis ctwa 140 Grad C) nur wenig ver- 
schiedene Encrgiepreisc haben, jedoch der Energiepreis der hoher 
siedenden, fliissigen Kraftstoffe (Gasole, Dieseldle, KZ ca. 275 
Grad C) sehr erheblich niedriger ist. (Dass z.B. die zwischenlie- 
genden, fliissigen Kraftstoffe vom Typ des Leuchtpetroleums 
(KZ ca. 200 Grad C) z.Zt. die hochsten Energiepreise haben, wird 
man als voriibcrgehendc, zufallige Erscheinung ansehen diirfen.)^ 
Der Umstand, dass die "Qualitatskalorie'' des Benzins z.B. etwa 
doppclt so viel kostet, wie die chemisch sehr ahnliche Gasdlkalorie, 
ist ein starker Anreiz sowohl fiir Chemiker, Gasol in Benzin zu 
verwandeln, wie fiir die Motorenbauer, den Fahrzeugdieselmotor 
zu entwickeln. 


1 Derartige Zufalligkeiten werden insbesondere durch die Eigenart der 
Zolle begunstigt. 
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Ausser dem Kraftstoff selbst ist auch sein energetischer Gegenpol, 
der Sauerstoff der Verbrennungsluft, als Energietrag;er zu betrachten, 
In seiner normalen Konzentration, wie er in der atmosphcirischen 
Luft bci normalem Barometerstand vorliegt, bedarf er keiner 
besondercn Betrachtung, weil er gleichsam die NuUinie fiir die 
Energiegewinnung darstellt. Schon die Aenderiing der absoluten 
Konzentration, wie sie etwa der Wechsel des Barometerstandes, der 
Automotorbetrieb in grossercn Hohen, der Kompressor- und der 
Drosselbetrieb darstellen, andern zwar nicht den Heizwert des 
Kraftstoffs, wohl aber den Wirkungsgrad seiner Ausniitzung. In 
noch viel starkerem Grade gilt dies fiir die gelegentlich versuchte 
(aber praktisch noch nicht bedeutungsvoll gewordene) Vcrwendung 
Sauerstoff-angereicherter Luft bezw. reinen Sauer^toffs fiir die 
motorische Verbrennung. Die Verbrennung rcinep Sauers toffs 
wiirde bei technischer JSeherrschung dcr auftretcndei^ hohen Tem- 
peraturen und sonstigen technischen Schwierigkeite\i nicht nur 
eine Verfiinffachung der Literleistung, sondern zugleich eine sehr 
erhebliche Verbesserung des Wirkungsgradcs der Energieumwand- 
lung selbst mit sich bringen. 

Die Fkage der “Qualitatskalorie.” — Der Kraftverkehr ver- 
langt einerseits einen mbglichst billigen Kraftstoff, dcr den Nutz- 
tonnenkilometer mdglichst niedrig einstchcn lasst . Bei entsprechend 
niedrigem Energiepreis sind hicr Opfer an thermischem Wirkungs- 
grad moglich. 

Andererseits vcrlangt dcr Kraftverkehr moglichst bequeme 
Kraftstoffe, welche betriebssichcr in leichten Motoren mit mangel- 
hafter Wartung verwendet werden konnen. Fiir grosse “ fool- 
proofness” eines Kraftstoffs konnen Opfer sowohl an Wirkungsgrad, 
wie an Energiepreis gebracht werden. 

Die praktischen Aufgaben des Kraftverkehrs liegen zwischen 
diesen beiden Extremen, deren eines durch den "Luxuskraftstoff” 
fiir den Herrenfahrer, deren anderes durch den ”Nutzkraftstoff’ fiir 
den Lastkraftwagen- und Fischerbootbetrieb angedeutet wird. 

Es handelt sich um den Betrag von technischem Aufwand zur 
Aufbereitung der verbrenn lichen Ladung, der auf dem Kraft- 
fahrzeug selbst aufgewendet werden soil und darf. Im Extremfall 
des Herrenfahrers ist dieser technische Aufwand auf ein Minimum 
zu beschranken. Der Kraftstoff muss foolproof sein, obwohl an 
ihn, bezw. den Motor beziiglich sofortiger Betriebsbereitschaft, 
Betriebssicherheit, sauberer Verbrennung, Fahigkeit, plotzliche 
Belastungswechsel zu ertragen, Geruchlosigkeit von Kraftstoff und 
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Verbrennungsprodukten usf. die allergrossten Anforderungen 
gestellt werden. Bei solchen “Luxuskraftstoffen" muss ein moglichst 
grosser *1611 des technischen Aufwandes bereits durch Auswahl 
und Bearbeitung des KraftstofPs geleistet sein, bevor er in den 
Fahrzeugtank fliesst. 

Umgekchrt darf auf einem Nutzfahrzcug, bei dem es in erster 
Linie auf die Billigkeit des Nutztonnenkilometers ankommt, das 
Mass dcr Anspniche an sorgfaltige Bedienung, an Umstande beim 
Anlassen, Raumbedarf besondcrer Ein rich tungen usw. ziemlich 
hoch geschraubt werden, wenn dadiirch die Verwendung sehr 
billiger Kalorien ermoglicht wird. Man war^ z.B. sogar bereit, den 
sehr erheblichen Platz- und Gewichtsbedarf der Sauggaserzeuger 
zusammen mit ihrer lastigen Bedienung in Kauf zu nehmen, wenn 
sich dabei eine giinstige Wirtschaftlichkeit ergabe. Da die Kraft- 
stoffkosten nur 20-30% dcr Betriebskosten eines Kraftfahrzeugs 
ausmachen, so sind die moglichen Ersparnisse nicht selir gross, 
wahrend etwaige erhuhte Bedienungskosten, Reparaturen usw. sich 
sehr stark auswirken. 

Aus diesem Wettstreit' von Motorenbau und Kraftstoffehemie 
haben sich zwei Kraftstofftypen international herausgebildet, 
der Auto-Kraftstoff und das Diesclol, die sich im wesentlichcn durch 
ihr Siedeverhalten (KZ 110 140 bezw. 225 - 300 ) unterscheiden. 
Diesen beiden Kraftstofftypen entsprechen als Motorengattungen 
der Vergascrmolor mit Fremdzundung und der Diesel- und Gliih- 
kopfmotor mit Selbst- bezw Gluhziindung. Zwischentypen von 
Motoren befinden sicli in der Entwicklung. Dcr Zwischentyp des 
Kraftstoffs, das Leuchl petroleum, ist z.Zt. unwirtschaftlich teucr. 

Entsprcchend ihren Arbeitsverfahren bceinflussen die beiden 
Motorenarten die Entwicklung der Kraftstoffc. Der Vergasermotor 
drangt zweeks Steigerung seiner Literleistung, Kiloleistung, Wirt- 
schaftlichkcit zu hohen Verdichtungsverhaltnissen, wclche moglichst 
kompressionsfeste Kraftstoffe von aromatischem bezw. naphteni- 
schem oder von alkoholischem Charakter erwiinscht machen. 
Gleichzcitig fbrdert er die Entwicklung von Klopfbremsen, wic 
Eisenkarbonyl (Motalin) und Tetraathylblci (Ethylgas). Umge- 
kehrt strebt der Fahrzeugdieselmotor nach grosstmdglicher Verringe- 
rung der Verdichtung zweeks Erleichtcrung des Gewichtes und der 
BetriebsbequemUchkeit. Er bevorzugt deshalb ausgcsprochen 
aliphatische Kraftstoffe und wiirde durch jedes Mittel zur Verbesse- 
rung der Selbstziindung (z.B. Proklopfmittel) in seiner Entwicklung 
gef order t werden. Gleiches gilt fur den Gliihkopfmotor. 

Die Versuche, den Vergasermotor mit hochsiedenden Kraftstoffen 
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zu betreiben, haben trotz vielfal tiger Bemuh ungen bisher zu 
keincm befriedigenden Ergebnis gefiihrt. Hauptgrund dafiir ist 
die leicht eintretende Oelverdiinnung, die besondcrs rasth beim 
Versagen einer Ziindkerze auftritt, weil unverbrannte Schwerblla- 
dungen unvergleichlich starker im Verbrennungsraum kondensieren, 
als dies bei Leichtkraftstoffbetrieb unter glcichen Verhaltnissen 
der Fall ist. 

Ein Bcdiirfnis fiir einen Schwerolvergaserbetrieb wurde bei 
Flugzeug- und Luftschiffmotoren solange bestehen, als der in 
Entwicklung begriffcne leichte Dieselmotor noch nicht vorliegt. 
Dieses Bediirfnis beruht auf der Tatsache, dass die grosse Feuerge- 
fahrlichkeit der T.eichtkraftstoffe auf Luftfahrzcugen besonders 
bedenklich ist. Andererseits schaffen die gute Wartuijg, die Mdglich- 
keit, eine Anlasszeit in Kauf zu nchmen, und vor albm die verhalt- 
nismassig gleichfdrmige Belastung der Luftfahrtmotoren sehr 
gunstige Voraussetzungen fur einen Schwerolvergaserbetrieb. Es 
mdclite deshalb dankenswert erschcinen, die Vcrwendung moglichst 
kompressionsfestcr, scharf fraktionierter Kohlcnwasserstoffe von 
KZ ca. 180" C, welche ganz erheblich verringerte Fcuergefahrlichkcit 
zeigen wurderi, an Luftfahrtmotoren mit entsprechend veranderten 
Vergascreinricht ungen zu studieren. 

Es hat den Anschein, dass die Fragc der Qualitiitskalorie ihre 
Schiirfe verliert. Diese war fruher durch die Zwangslauligkeit 
gegeben, mit der bei der Erdblverarbeitung die Mengen dcr ver- 
schiedenen Siedebereiche anfielen. Die neuere Entwicklung der 
Crackverfahren hat hicr schon grosse Freiheit gebracht. Die 
neueste Entwicklung der katalytischen Hochdrucksynthe.se, welche 
letzten Endes die 100-prozentige Umwandlung jedes Roh-Kohlcn- 
wasserstoffes in jeden gewiinschten Kohlenwasserstoh-Kraftstoff 
gestattet, lasst die Frage dcr Qualitatskalorie zu einem wirtschaft- 
lichen Rechcnexcmpel werden Noch liegen ausrcichende Erfah- 
rungen uber die Kosten der verschiedenen Umwandlungen nicht 
vor. Sobald diese jedoch vorliegen, und sich wirtschaftlich ausge- 
wirkt hal)cn werden, wird der Motorenbauer zuverlassiger als heute 
errechnen konnen, wann sich dcr technische Aufwand zur Vcrwen- 
dung billiger Kalorien lohnt und wann nicht. 

Allgemeine Eigenschaften DERFLUSSIGEN Kraftstoffe. — ^V on 
der Erorterung gasformiger (lilaugas fiir Luftschiffe, verdichtetes 
Methan aus Koksofengas fiir Omnibusse, Azetylen usw.) und 
fester (Naphtalin, Holz, Holzkohle usw. im Sauggasgenerator, 
Kohlenstaub usf.) Kraftstoffe wird abgesehen. 
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[a) Korrosion . — In den Kraftstoffsystemen der Fahrzeuge kommen 
Kupfer, Blei, Zink, Aluminium, Magnesium und ihre Legierungen 
vor. Diftse werden zuweilen von Kraftstoffen angegriffen. Ursachen 
fur die Angriffe sind u.a. Saurereste aus der Raffination, elementarer 
und lose gebundener Schwefel (als Thiophen, Schwefelkohlenstoff 
usw. greift Schwefel die Metalle nicht an), aromatisch gebundenes 
Hydroxyl in Gestalt von Naphtensaurcn und Phenolen, unbekannte 
Verbindungen in mangclhaft raffiniertem Spiritus. Diese Korrosio- 
nen gehen zuweilen so weit, dass Vcrstopfungen von Rohrleit ungen 
vorkommen. Die Schwefelkorrosion hat die spczifische Wirkung, 
Kupfer und Messing briichig zu machen. Ziifn ist fest gegen Kraft- 
stoff korrosion, sodass durch ausreichend dichte Vcrzinnung aller 
kraftstoffbcspiiltcn Teilc am Kraftfahrzeug die Korrosionsgefahren 
ausgesclialtct werden kdnncn. So langc dies nicht der Fall ist, 
muss von alien Kraftstoffen Korrosion sfreiheit gefordert werden. 

Die Priifung kann durch (iinwdchentliches Stehcnlassen einer 
Kraftstoffprobe mit den betreffenden Metallen als Blcchstreifcn 
und Bcobachfung des Angriffs erfolgen. 

{h) La^erbcstcindigkeit.—E,s ist zu fordem, dass Kraftstoffe bei 
normaler Lagerung, also in geschlossenen Behaltern aus Eisen, 
verzinktem oder verblcitem Eisenblcch sich in z.B. 6 Monaten 
nicht iiachteilig verandern, Diese Gefahr besteht bei manchen 
leichtsiedenden Kraftstoffen insofern, als ihr Abdampfriickstand 
sich unzulassig erhoht. Ursache pflegt ungen iigeiide Raffination 
zu sein 

Priifung ist durch den Abdampftest cines 6 Monatc gelagcrten 
Kraftstoffs mbglich. 100 cc sollen beim Abdampfen auf dem 
Wasserbade nicht mehr als 50 mg Ruckstand lie fern. 

(c) Frcihcii von Wasser und Schmuiz . — Trotzdem die Kraftstoff- 
sy Sterne fast aller Kraftfalirzeuge mit Vor rich tungen zur Abschei- 
dung von Wasser und Schmutz versehen sind, muss bei der Empfind- 
lichkeit der Vergaser auf Bcides und der Kraftstoffpumpen auf 
Schmutz, sowie der Unzuverl^sigkcit der Seihersiebc unter Betriebs- 
verhiiltnissen, weitgehende Frciheit von Wasser und Schmutz 
gefordert werden. Da — mit ganz seltenen Ausnahmen — Wasser und 
Schmutz sich selbsttiitig durch ihre Schwere abscheiden, ist diese 
Forderung mehr an die Einrich tungen zur Kraf ts toff vertei lung, als 
an den Kraftstoff selbst zu stellen. Da Rostbildung und (wegen 
des mit der Temperatur schwankenden Wasserlosevermogens von 
Benzin und Benzol fiir Wasser) Wasserabscheidung praktisch 
unvermeidbar sind, miissen diejenigen Stellen, welche das Kraft- 
fahrzeug betanken, mit entsprechenden Einrich tungen ausgestattet 
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sein (Siebe wirken nicht, wenn sie nicht mit Schwere-Abscheidem 
verbunden sind). Bei Spritgemischen, welche kein Wasser ab- 
scheiden, setzt sich der Schmutz in den Seihem als feste JVfasse ab, 
was bei ihrer Konstruktion beriicksichtigt werden muss. 

(d) Geruch . — Gewisse Krafts toffe haben einen ausgesprochenen und 
manchen Personen widerwartigen Geruch. Dieser kann sowohl 
eine Eigenschaft des unverbrannten Kraftstoffs sein (bei schlechter 
Reinigung), als auch eine Eigenschaft der Auspuffgase (zumal bei 
durch reiche Vergasereinstellung hervorgerufener unvollstandiger 
Verbrennung); z.B. ruft unvoUstandig verbranntes Tetralin Tranen 
der Augen bei beizendem Geruch hervor, Auspuffgase unraffinierten 
Gaswcrksbenzols riechen sehr schlecht. Benzine mii hochsiedenden 
aliphatischen Bestandteilen (“Siedeschwanzen”), manphe Crack- und 
Braunkohlenbenzine geben zumal bei unvollstandigef Verbrennung 
beliistigende, penetrante Geriichc. Gasol (Dieselbl) elfzeugt bei der 
Verbrennung im Gliihkopf- und im Dieselmotor Auspuffgase, die 
vermbge cines sehr kleinen Gchaltcs von charakteristischen Produk- 
ten der unvollstandigen Verbrennung sehr uriangcnchm riechen 
und die Schleimhaute reizen, ein Uebelstand, der durch Zusatz von 
Alkoholcn, durch Wassereinspritzung, sowie durch gunstigere 
Gestaltung der Verbrennung (Junkers Gcgenkolbcnmotor) zu 
verbessern versucht wird. Es ist angesichts der Bclastigung dcr 
Fiihrer, der Belastigung der Falirgiistc, Schadigung empliiKllicher 
Nutzlasten (z.B. Nahrungsmittel) und Verunreinigung der GrossLadt- 
luft eine Entwicklung der Kraftstoffe dahin anzustreben, dass sie 
weder als Kraftstoff, noch als Abgas belastigend stark riechen. 

(e) — Alle Icichtlliichtigcn Kraftstoffe wirken als Dampfe 
zunachst fiir alle atmenden Lebewesen erstickend. Daruber hinaus 
sind narkotische bis spezifisch giftige Wirkungen beobachtet 
worden, die etwa in der Reihenfolge 

Benzin, 

Benzol, 

Alkohol, 

zunehmen. 

Gif tig sind ferner die Abgase der Motoren durch ihren Gehalt 
an Kohlenoxyd. Dieser hangt einmal von der Giite der Vergasercin- 
stellung ab, zum anderen aber auch von dcr Neigung des Kraft- 
stoffs zu unvollstandiger Verbrennung. Alkoholgehalt cines Kraft- 
stoffes begiinstigt voUstiindige, Gehalt an hochsiedenden Bestand- 
teilen und hoher Kohlenstoffgchalt begiinstigen unvolLstandige 
Verbrennung. Man versucht, durch bessere Vergasereinregelung 
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(z.B. mit Hilfe der Abgasanalyse) aber auch durch ev. katalytische 
Nachverbrejinung der Abgase Giftigkeit und Geruch der Abgase 
zu beseifigen. 

Direkt gif tig durch seinen Gehalt an Tetra-Aethylblei ist das 
Ethylgas. Durch rote Farbung und besondere Vorsichtsmassnahmen 
ist man bemiiht, Unglucksfallen vorzubeugen. Unvermeidlich ist 
jedoch die Abscheidung von Bleiverbindungen im Motor und die 
Veninreinigung des Strassenstaubes durch die bleihaltigen Auspuff- 
gase. Bei der von vielen Medizinem behaupteten akkumulierenden 
Beschaffenheit der Bleivergiftung bestehen so starke hygienische 
Bedenken gegen seine allgemcinc Verwendung, dass cine Einfiihrung 
|n Deutschland auf Schwierigkciten stossen durfte. Da es dem 
Eisenkarbonyl technisch unterlegen ist, wiirde in Deutschland auch 
kein Bcdiirfnis zur Einfiihrung bestehen. 

(/) Hauireizimg durch Kraflstoffc.~--TY\c: Kraftstoffe wirken auf die 
Haut, entfettend, was cine gewisse, in der Regel belanglose Haut- 
reizung bewirkt. Dariiber hinaus bestehen individuelle Empfind- 
lichkeiten der mcnschlichen Haut gegen gewisse Kraftstoffe. Bei 
Benzin und Gasol sind solche nicht bekannt, Steinkohlenteerol und 
Tetralin scheinen entsprechend ihrem grossen Lbsungsvermogen 
am leichtesten zu derartigen Schwierigkciten (Entziindungen der 
Haut, Ejizeme) Anlass zu geben 

(g) Lackldsevcrmd^en . — Lackierungen auf Leinblgrundlage, wie 
sie im Kraftfahrzeugbau ublich sind, zeigen sich unempfmdlich 
gegen Benzin und Gasol, wenig empfindlich gegen Benzol und 
Steinkohlenteerol, recht empiindlich gegen Alkoliolgeinischc, Tetra- 
lin und dgl. Abgescliwacht gilt die gleiclie Reihenfolge fur die 
neueren Zelluloselackc F's gibt jelzt Lacke, die gegen alle in 
Betracht kommenden Kraftstoffe ausrcichend unempfindlich sind. 
So laiige diese nicht allgcmcin eingefiihrt sind, wird man dem 
Lacklbsevermogen der Kraftstoffe Aufmcrksamkcit schenken 
miissen. 

[h) Mi chharkeit . — Kohlenwasserstoff kraftstoffe (Benzin, Benzol, 
Gasol Steinkohlenteerol, Braunkohlcnteerdestillate) sind in alien 
Verhaltnisscn ineinander kislich. Vollkommon wasserfreier Alkohol 
mischt dch cbenfalls in alien Vcrhiiltnissen mit Kohlenwasserstoffen. 
Da die tcchnischen Alkohole nicht vollkommen wasserfrei sind, 
bezw. durch Wasseranzichung diese Eigcnschafl verlieren kbnnen, 
erfordem alkoholhaltige Mischkraftstoffe in der Rcgel besondere 
Vorsichtsmassregeln beim Mischen mit Kohlenwasserstoffen, wenn 
anders nicht Neigung zu Entmischung oder Verringerung der Kalte- 
festigkeit eintreten soil (z.B. Zusatz von hydrierten Phenolen oder 
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hohcrcn Alkoholen als "Homogenisierungsmittel." Einhaltung 
bestimmter Mengenverhaltnissc) . , 

(i) Kallefestigkeit. — Das Mass der erforderlichen Kaltefestigkeit 
betragt fur Kraftwagen —15 bis —25 Grad C; bei Flugzeugen wird 
man noch hoher in den Anforderungen gehen miissen; Benzin ist 
vollkommen kiiltcfest. Gasbl zeigt starke Vergrbsserung der 
Viskositat. Steinkohlenteerbl neigt zu Abscheidungen von Naphtalin 
usf. Keinbenzol gefriert bei —4 Grad C. Bei Gehalt an Toluol uiid 
anderen Homologcn (B.V.-Typ) crhbht sich die Kaltefestigkeit 
(Abscheidung erster^ Benzoleiskristalle bei —15 Grad C), bei 
Zusatz von Benzin oder von Alkohol noch weiter. Alkohole sind 
fiir sich und im Gemisch mit Kohlenwasserstoffen ungemein kalte- 
fest. Schon sehr kleine Wassergehalte bcwirke\|i aber Neigung 
zum Zerfall in zwei fliissigc Schichten bei Senkung dcr Temyieratur. 
Benzin ist in Alkoholgemisch entmischungscnipfindlicher als 
Benzol Hbhere Alkohole, hydriertc Phenole und aridere "Homoge- 
nisierungsmittel” setzen die Entmischungstemperatur hcrab. 

{k) W asserenipfindlichkcit — Benzin lost sehr kleine Mengen Wasser, 
bei hbherer Temperatur etwas mchr. Darum scheidet Benzin bcim 
Abkiihlen etwas Wasser ab. Bei Benzol hegen die gleichen Ver- 
haltnisse verstarkt vor. Mischt man Benzin und Benzol, wenn beide 
wassergesattigt sind, scheidet sich Wasser ab. Bci dcr Wasserab- 
scheidung sammeln sich suspendierte feste Verunreinigungen (Rost) 
in der Grenzschicht zwischen den beiden Phasen, ein Umstand, der 
das "Ablasscn" von Rostschlamm erleichtert. J^ei Spritgcmischen 
besteht jc nach der Zusammenselzung cin Wasscrldsevermbgen im 
Ausmassc von bis zu mehreren Prozcnlen, dessen Beanspruchung 
jedoch rasch zur Vcrringcrung der Kaltefestigkeit, schliesslich zur 
Entmischung fiihrt. Der “Wasser liter” bci gegebener Temperatur 
(Anzahl cc Wasser je 100 cc Kraftstoff, welchc zu bleibcndcr Tnibung 
fiihren) ist ein bequemes Mit tel zur Beurteilung der Hochprozentig- 
keit des in eincm Spritgemisch enthaltenen Alkohols. 

(/) Erzcugungsmenge und Erhalilichkeit. — Bei der Ortsungebunden- 
heit der Kraftfahrzeuge kann sich ein Kraftfahrzeug — von Ausnali- 
men abgcschen — nicht auf erhebliche Besonderheiten eines Kraft- 
stoffs einstellen. Umgekehrt kbnnen Krafts toffe mit erheblichen 
Besonderheiten sich nur dann auswirken, wenn sie in verhaltnis- 
massig grosser Erzeugungsmenge vorliegen und leicht erhaltlich 
sind. Z.B. spielt in Deutschland das in sehr erhcblichcm Prozentsatz 
vorliegende Benzol als Kraftstoff unvermischt und als Gemisch 
eine so grosse Rolle, dass es eine (vorteilhafte) Erhbhung des Ver- 
dichtungsverhaltnisses der Motoren nach sich zog. In den U.S.A. 
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ist die absolut grosse Benzolerzeugung relativ zum Verbrauch so 
klein, dass die vom Motorenbauer angestrebte Vcrdichtungserhdhung 
sich nur %chv langsam entsprechend der Erhohung dcr Kompres- 
sionsfestigkeit dcr amerikanischen Benzine fortentwickein kann. 
Entsprechend pflegt man bei dentschen Motoren zum Export das 
Verdichtungsverhaltnis zu vermindem, wahrend international ver- 
kehrende Kraftfahrzeuge (z.B. Flugzeugc) besondere Riicksicht auf 
die Kompressionsfestigkeit der erhaltlichen Kraftstoffe nehmen 
miissen. 

In Deutschland stehen verhaltnismassig sehr grosse Mengen an 
kompressionsfestem Kraftstoff zur Verfiigung. Fur 1927 betrug 
z.B. die deutsche Benzolerzeugung ca. 300 000 tons, wozu ein 
Einfuhriiberschuss von 1 14 000 tons kam. Von diesen 414 000 tons 
wurden verhaltnismassig nur geringe Mengen von der chemischen 
Industrie, der Kautschukindustrie und anderen Zweeken in Anspruch 
genommen, sodass annahernd 400 000 tons Benzol fiir motorische 
Zwceke zur Verfiigung standen. Der Gesamt verbrauch Deutsch- 
lands an Motorkraftstoffen betrug 1927 800 000 900 000 tons, sodass 
der Verbrauch nahezu zur llalfte mit Benzol hatte gedeckt werden 
konnen, bezw. dass man ein 40-50 prozentiges Benzin-Benzol- 
Gcmisch fiir alle Motoren hatte liefern und das Verdichtungsver- 
hiiltnis der Motoren auf einen solchen Kraftstoff hiitte einstellen 
konnen. 

Tatsachlich ist von der gesamten Benzolmenge 1927 ein nicht 
unerhcblicher Bruchteil unverkauft geblieben Auch ist von dem 
verbrauchten Benzol eirie erhebliche Menge unvermischt verbrannt 
worden, wahrend andererseits unvermischtes Benzin m erheblichen 
Mengen Verwendung fand. Zur Bcurteilung der Lage ist ferner die 
Tatsache heranzuziehen, dass nicht unerhebliche Mengen von 
Motalin (durch Eisenkarbonylzusatz in seiner Kompressionsfestig- 
keit gesteigertes Benzin) und Monopolin (ziemlich kompressions- 
festes Spiritus-Benzin-Benzol- bezw. Alkohol-Benzin-Gemisch) und 
endlich nicht sehr erhebliche Mengen ziemlich kompressionsfesten 
Braunkohlenschwelbenzins verbraucht wurden. 

Unter diesen Verhaltnissen hat sich in Deutschland eine Viel- 
gestaltigkeit der Fahrzeuge in Bezug auf ihr Verdichtungsverhaltnis 
entwickelt. Das allgemeine Niveau des Verdichtungsverhaltnisses 
diirfte wegen Deutschlands Reichtum an kompressionsfesten 
Kraftstoffen hoher liegen, als in anderen Landern. Im Einzelnen 
pflegt man in Deutschland Personenwagen verhaltnismassig niedrig 
(1 : 4,5 bis 1 : 5) zu verdichten, wahrend Personenfahrzeuge fiir 
Sportzwecke natiirlich sehr hoch, aber auch Laslkraftwagenmotoren 
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ganz bemerkenswcrt hoch (z.B. Krupp I : 6, Henschel 1 ; 5 bis 1 : 8) 
verdichtet werden. 

Unwesentliche Eigenschaften der Kraftstoffe. — Handel 
und Verbrauch legen auf einzelnc Eigenschaften Wert, welche in 
Wirklichkeit bedeutungslos sind oder andere Bcdeutung haben 
als ihncn zugeschrieben wird. 

{a) Spezifisches Gewicht . — Aus der Jugendzeit der Erdolindustrie 
pflegt man stellenweise immcr noch die Leichtfluchtigkeit eincs 
K r afts toffs nach dem spez. Gewicht zu beurteilen und anzunehmen, 
dass ein niedriges spcjzifisches Gewicht Leichtfluchtigkeit verbiirge, 
Derartige Zusammenhiinge bestehen nur bei Bcnzjnen aus gleichar- 
tigen Kohstoffen und auch dann nur unter besopderen Vorausset- 
zungen. Praktisch kann man — angcsichts der ^rackbeiizine, der 
Vielgestaltigkeit der Herkunft der Benzine, der Gewohnheit des 
Bcnzolbeimiscliens — aus dem spczifischen Gewicht ^leute gar keinen 
Riickschluss auf die Fluchtigkeit ziehen. Die Fluchiigkeit liisst sich 
nur durch den direkten Versuch bestimmen. 

Im ubrigen ist das spezifischc GewichJ: natiirlich einc wcrtvollc 
Konstantc. Je Ikiher das spezifischc Gewicht bei glcicher Fluch- 
tigkeit, umso grosser im allgemeinen die Kilometerausbeute je 
Liter und die Kompressionsfcstigkeit 

{h) Farhc . — Man vcrlangt von den leichlfluchtigcn Kraftstoffen, 
dass sic farblos scien. Es ist richtig, dass Farblosigkeit auf gute 
Rafhnation schliessen liisst und die Beurteilung der Klarhcit 
(Schmutz- und Wasserfreiheit) erleichtert. Schwach gclbe Farbung 
tritt aber praktisch schr leicht ohne den geringsten Schaden fur die 
Hochwertigkeit des Kraftstoffs ciii, walirend uingekehrt vollkommen 
farblose Kraftstoffe qualitativ minderwertig sein kdnnen. Es 
durftc sich deshalb empfehlen, auch bei leichtfliichtigen Kraftstoffen 
der Farbe weniger Gewicht bcizulegen, zumal auch absichtlichc 
Farbung vorkommt (z.B. Ethylgas, denaturierter Spiritus). 

(c) Lichlhestdndi^keit . — Alle Kraftstoffe verandem sich bei starker 
und dauernder Behchtung allmahlich, die farblosen unter all- 
mahlichcr Verfiirbung. Manche Kraftstoffe zeigen raschc Verfar- 
bung, Triibung, Abscheidung unlbslicher Bestandteile (manche 
Benzine und Benzole). Diese Lichtempfindlichkeit ist praktisch 
ohne Belang. weil Kraftstoffe ja in lichtundurchlassigen Behai tern 
verwendet werden, sodass z.B. sogar aasgesprochen lichtcmp- 
findliche Kraftstoffe, wie mit Eisenkarbonyl versetztes Benzin 
(Motalin), praktisch keine Schwierigkeiten machen. Auch der 
Schluss von der Lichtbestandigkeit auf die Lagerbest^digkeit ist 
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keineswegs sicher. Es durfte sich deshalb empfehlen, auf die 
LichtbestaiicEgkeit — abgesehen von analytischen Zwecken — keinen 
Wert meHt zu legen. 

Massgebende Eigenschaften der Kraftstoffe. — Die drci 
massgebenden Eigenschaften der fliissigen Kraftstoffe sind : 

(a) Fluchtigkeit, 

(b) Reinheit, 

(c) Verbrennungscharakter. 

(a) riuchti^kcii . — Bei dcr Fliichtigkeit ist zu unterscheiden zwi- 
schen der allgemeinen Lagc dcr Siedekurve, wie 5ic durch die mittlere 
Siedetempcratur oder Kcnnziffer dargestellt wird, und zwischen 
der bcsonderen Gestalt der Siedekurve, die beziiglich der Neigung 
durch die mittlere Steigung (Fraktionierungsziffer), im Einzelnen 
aber nur durch die Siedckurvc selbst angcgeben wird. Ueblich ist es, 
den Siedebeginn, einzelnc Punkte (v.H. Ueberdestillicrtes bei 100 
Grad C, 120 bezw. 130 oder 140 Grad C, bei 150 Grad C, bei 190 
bezw 200 Grad C und den 95 v.H.-Punkt bezw. den Endpunkt) 
anzugebcn, bei hcihcr siedefiden Kraftstoffen noch anderc Punkte. 
Die Siedekurve ist keine Konstante, sondem von der benutzten 
Apparatur abhiingig. Fnr Benzin sind genormte Apparale nach 
Englcr-Ubbelohde, fiir Benzol und Benzol gcmische nach Kramcr- 
Spilker liblich. Der Siedeendpunkt ist wenig sicher, wcswegen 
der 95 Grad C-Punkt vorzuziehen ist. Bei leichtsiedenden Benzinen 
ist Verstiirkung der liblichen Wasserkiihlung zur Kondensation der 
sehr leichtfluchtigen Bestandteile (“Gasbenzm") nbtig. 

Nach der Hdhenlage der Siedekurve kann man unterscheiden ; 

A. bis KZ 125 Grad C : Autokraftstoffe, 

B. bis KZ 135 Grad C : Schwerbenzinc, 

C. bis KZ 200 Grad C : Motoren petroleum, 

D. bis KZ 275 Grad C : Dieselol. 

Da die Verdampfungswarme bei Benzol ein wenig, bei Alkoholen 
erheblich gnisser ist, als bei Benzinkohlenwasserstoffen, wirkt sich 
bei diesen Kraftstoffen die theoretische Fluchtigkeit praktisch 
entsprechend schwiicher aus. 

Die Steigung der Siedekurve (Fraktionierungsziffer) nimmt in 
folgender Reihenfolge zu : 

Alkohole und Alkoholgemische, 

Benzol, 

Benzolgemische . 

Benzin, 
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Schwerbenzin, 

Motorpetrolcum, ^ 

Gasol. 

Je grosser die Steigung der Siedekurve, umso grosser pflegt die 
Neigung zu unvoUstandiger Verbrcnnung zu sein. 

Im Einzelncn pflegen die Siedekurven S-formig gekriimmt zu 
sein. Nicht zu magere “Vorderschwanze’' sind bei leichtfliichtigen 
Kraftstoffcn crwiinscht zur Erleichtcrung des Anlassens. Magere 
bin tore "Sicdeschwanze" sind uncrwiinscht wegen der Gefahr 
unvoUstandiger Verbrennung und Oelvcrdunnung. "Spriinge’' in der 
Siedekurve sind unerwiinscht wegen Neigung zu unvoUstandiger 
Verbrcnnung. ^ 

Starker Gehalt an sehr leichtsiedendcn Bestapdteilen (Gasbenzin) 
ist unerwiinscht. weil sie in warmen Kraftstoffleitungen, Vergascrn 
usw. zu Dampfblasenbildung und dadiirch zu Stcirungen fiihren, 
aucli die Feiursgefahr crhohen. 

Siedekurven von Kohlenwasserstoffkraftstoffen kbnnen bczuglich 
des praktisclien Verhaltens im Motor nicht ohne weitercs mit 
Siedekurven von alkoholhaltigeii Kraft.stoffcn verglichen werdcn. 

Auch bei Dieselolen ist verhaltnismassig niedriges Sieden er- 
wunscht, obwohl die Selbstziindungstemperatur fiir hiihersicdende 
Kohlenwasserstoffe sinkt, weil niedriger siedende Oele weniger zu 
unvoUstandiger Verbrcnnung neigen. 

(b) Reinheii — Abgesehen von physikalischer Reinlieit verlangt 
man chemische Reinheit dcr Kraftstoffc hinsichtlich ihres Schwcfel- 
gehaltes und hinsichtlich ihrer Neigung zu Ansaugventilverpichun- 
gcn Kleiner Schwefelgehalt ist unschadlich, sofern nicht eine 
Schwcfelform vorlicgt, die MetaUe korrodiert. Grdsserer Schwefel- 
gehalt kann diirch die bei der Verbrcnnung entstehendc schweflige 
Saure untcr (seltenen) Umstanden Verrostcn der Auspuffventile 
bewirken. Mchr fiirchtet man aber die Akkumulierung von schwef- 
liger Saure bczw. Schwefclsaure in dem Wasser, das sich aus 
Verbrennungsgasen gelegentlich im Kurbelgehause niedcrschlagi . 
Hierdurch konnen Anfressungen entstehen. 

Ansaugventilverpichungen werden durch Kraftstoffe bewirkt, 
welche harzahnliche Stoffe entweder fcrtig gelost enthalten oder 
bildcn. Meist riihren solche Fehler von mangelhafter Raffination 
her. Der Schwefelsauretest gibt einen Anhalt, die Riickstandbestim- 
mungen auf der Glasschale einen weiteren. Ganz zuverlassig ist 
aber nur der Motorversuch. 
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(c) Verhrennungscharakter . — Beziiglich des Verbrennungscharak- 
ters kann inan unterscheiden zwischen der Neigung zur Russbildung 
und der Neigung zum Klopfen. 

Die grossere oder geringere Neigung zur Russbildung gcht gleich- 
sinnig mit einem grosseren oder kleineren H/C-Verhaltnis. Che- 
misch reines Benzol bcispielsweise neigt stark zum Russen (H/C- 
Verhaltnis 1,0), Motorenbenzol vom B.V.-Typ (bei dem durch 
Homologenzusatz das H/C- Verbal tnis auf etwa 1,50 heraufgesetzt 
ist) hat diese Neigung verloren, Benzin mit dem H/C- Verb ill tnis 
2, 1 ist nur sehr schwer zum Russen im Motor z^u bringen. Aehnliches 
gilt fiir die Neigung zum Russen dcr holier siedenden Oelc im 
Dieselmotor. 

Einc Ausnahme machen die sauerstoffhaltigen (alkoholhaltigen) 
Kraftstoffe, welche libcraus russfreie Verbrennung zeigen, ebenso 
wie Zufiihrung von Wasser zur Verbrennung die Russbildung 
vcrringert. 

Die Neigung zum Klopfen im Zundermotor gebt im allgemeinen 
parallel mit dem H/C-Verjialtnis. Jedoch besteht die Besonderheit, 
dass bei Bcnzinen Erbdbung des Siedepunktcs die Klopfneigung 
verstarkt. OH-Gruppen und Gcgenwart von Wasser wirken klopf- 
hindernd, ebenso bekanntlich aus noch nicht sicher erforschten 
Grunden organische Amine, bestimmte organische Metallverbin- 
dungen (Eisenkarbonyl, Tetraathylblei usw.), wahrend manche 
andere organische Verbindungen (z.B. Isopropylnitrit) klopffordernd 
wirken. 

Im Dieselmotor klopfen umgekchrt die wasserstoffarmen Benzole 
und Steinkohlenteerdle leicht (wahrscbcinlicb wegen grosseren 
Ziindverzugs und dadurch bcwirkter Akkumulation dcr Verbren- 
nung). Durch "Ziindbltropfen,” d.h. kleine Mengen wasserstoff- 
reicher (im Zundermotor klopfender) Kraftstoffe kann man dieses 
Klopfen verhindern. 

Die Messung der Neigung eines Kraftstoffs zum Klopfen ist nach 
mehreren Methoden (Variokompressor. Mischungsmethode) mbg- 
lich. Es ware wichtig international Masseinheit und Bezugspunkte 
festzulegen. 

Die Kompressionsfestigkeit der leichtfluchtigen Kraftstoffe ist 
fiir den Zundermotor von grosster Bedeutung, weil grosse Kom- 
pressionsfestigkeit ein hohes Verdichtungsverhaltnis und dadurch 
grosse Literleistung und grosse Wirtschaftlichkeit ermoglicht. 

Es ist moglich, dass die Kompressionsfestigkeit eine ahnliche 
(umgekehrtes Vorzeichen) Bedeutung fiir Dieselole bekommt, 
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nachdem die Bestimmung der Selbstentzundungstemperatur aUein 
nicht auszureichen scheint. ' , 

Erfullung der Anforderungen durch die Oelindustrie. 

Die Kraftstoffe fiir den deutschen Verkehr werden geliefert 

[a) Benzin von der auslandischen Erdolindustrie 

(Hauptmenge) 

von der inlandischen Erdolindustrie 
(unbcdeutend) 

von der deutschen chemischen Industrie 

V 

(Syn these) 

von der deutschen Braunkohlcnindustrie 
(Brauiikohlcnbenzin) . 

(b) Benzol von der deutschen Steinkohlenindustrie 

(Hauptmenge) 

von der auslandischen Steinkohlenindustrie \ 

• (Nebenmenge). 

(f) Alkohole von der Kartoffelbrcnnerei,(Aethylalkohol) 
von der chemischen und Papierindustrie 

(aus Sulfitablauge, Holz usw. ; Aethylalkohol) 
von der chemischen Industrie (synthet. Methanol). 

Im praktischen Gcbrauch sind : 

(A) Autobenzhi (KZ ca. 120, Kompressionsfestigkeit gering, 
Hauptmarkeii Dapolin und SteUin), 

{B) Motorcnbenzol (KZ 100, Kompressionsfestigkeit sehr gross, fast 
ausschliesslich B.V.-Tyj), genonnt), 

((') Motalin (durch Eiscnkarbonyl in seiner Kompressionsfestigkeit 
erhdhtes Benzin), 

[U) syntlietisclies Benzin (in seinen Eigcnscliaften von Natiirbenzin 
nicht zu untcrscheiden; wird bisher als synthetisch noch 
nicht gekennzeichnet), 

[E) Piraunkohlcnbenziii (verhiLltnismassig sehr kompressionsfest), 

(F) Monopolin (friiher Gemisch aus Benzin, Jienzol und 95 %igem 

Spiritus, jetzt zunehmend Gemisch aus absolutem Alkohol 
und Benzin), 

(G) Rennmotalin und Monopolin R (methanolhaltige Gemische fur 

Rcnnzwecke) 

[H) J^enzin-Beiizol-Gemische (mcist ctwa halb und halb aus Auto- 

benzin und Benzol vom B.V.-Typ, verbreitetstes fertiges 
Gemisch ist B.V.-Aral.) 

Wahrend hicrnach fiir die leichtfiuchligen Kraftstoffe sich sehr 
bestimmte Beschaffenheiten ausgebildet haben, werden fiir den 
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Dieselbetrieb sehr verschiedene Erzeugnisse von wasserhell raffinier- 
tem Petroleum bis zu dunklem hochsiedendem Gasol venvendet. 
Hauptlieftrant ist die Erdolindustrie. Doch wird auch viel Braun- 
kohlenteerol und einiges Steinkohlenteerol benutzt. 

Es erscheint moglich und dringend wunschenswert, die Mannig- 
faltigkeit der Kraftstoffe auf einige wcnige Typen zu verringern und 
fiir diese Normen auszuarbeiten. Fiir das Motorcnbcnzol ist dies 
bereits mit bestem Erfolge durch den Bcnzol-Verband geschehcn. 
Eine solche Normung wiirde grosse Vorteile nicht nur fiir den 
Motorkonstrukteur und Verbraucher, sonderq auch fiir Erzcuger 
und Handler mit sich bringen. 

Deutschlands Kraftstoffdecke befindet sich in einem Zustande 
starker Acnderungen . 

Einmal nimmt Deutschlands Krafts toff bedarf stark zu. Der 
Jahresverbrauch fiir 1926 belrug etwa 600 000 tons, dcrjenige fiir 
1927 liegt zwischen 820 000 und 900 000 tons. Fiir^ 1928 rechnet 
man mit einem Bedarf von anniihemd 1 Million tons entsprechend 
der auch in Deutschland steigenden Kraftfahrzeugdichte und 
entsprechend der auch in Deutschland zunchmenden Benutzungs- 
Starke des einzclnen Fahrzeugs. 

Eincn verbal tnismassig konstant bleibenden Teil der deutschcn 
Kraftstoffdecke stellt die deutsche Benzolerzeugung von etwa 
280 000 tons im Jahr dar. Ihr gesellt sich als weitcre deutsche 
Inlandserzeugung das synthetische Benzin der I.G.Farbenindustrie 
in steigendcm, mengenmassig aber noch unbekanntcm Umfange 
bei. Weiterc deutsche Kraftstoffe, welche aber in grosserem Umfange 
nicht in Betracht kommen diirften, sind das Braunkohlenschwel- 
benzin, sind der Spiritus und sind die aus hannoverschem Erdol 
gewonnene Benzinmcngc. Der Rest wird durch Einfuhr auslan- 
dischen Benzins gedcckt, welche in der Hauptsache in den Handen 
der D.A.P.G. (Standard), der Rhenania (Shell) und der Russischen 
Importgesellschaft liegt. Es kommt neuerdings hinzu eine aus- 
liindische insbesondere amerikanische Einfuhr von Benzol. Der 
Benzoleinfuhriiberschuss betrug im Jahre 1927 nicht weniger als 
114 000 tons. 

Deutschland ist hiernach in der Lage, aus einheimischer Erzeugung 
etwa 50% seines Bcdarfs zu decken. Da synthetisches Benzin 
aus in Deutschland reichlich vorhandenen Rohstoffen herstellbar 
ist, besteht die Moglichkeit fiir Deutschland, seinen Benzinbedarf 
ganz durch einheimische Erzeugung zu dccken. Ob zu diesem 
Zweck der Ausbau von Kunstbenzinfabriken derart beschleunigt 
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wird, dass die Kunstbenzinerzeugung die Steigerung des Verbrauchs 

iiberholt, steht dahin. , 

* « 

Bei dieser Sachlage liegl es im deutschen Interesse. den spezifischen 
Verbrauch der Motoren so niedrig wie moglich zu halten. Aus 
diesem Grunde sind die deutschen Bestrebungen zur Erhohung der 
Kompressionsfestigkeit der Kraftstoffe und zum Hochhalten des 
Verdichtuiigsverhaltnisses der Motoren besonders lebhaft. Bei 
Deutschlands verhaltnismassigem Reichtum an Benzol und bei 
der in Deutschland bestehenden Mdglichkeit, ausreichende Mcngcn 
von Eiscnkarbonyl herzustellen, wiirde man bei entsprechender 
Organisation des deutschen Kraftstoffverbrauchs ganz Deutschland 
mit kompressionsfesten Kraftstoffen bcliefern und in Dei^tschland 
ganz allgemein das Verdichtungsverhaltnis uiiter Verringetung des 
spezifischen Kraftstoffverbrauchs der Motoren steigern Konnen. 
Diesc Mdglichkeit erscheint umso interessanter und dringlichei;’, als im 
intcrnationalen Automobilmotorbau die Zweckmassigkeit <^cr hd- 
heren Vcrdichtung heute allgemein anerkannt ist und international 
eifrig daran gearbeitet wird, durch konstruktive Mittel (z.B. Ricardo’ 
seller Verbrennungsraum, Dumanois-Stufenkolben usw.) die An- 
sprtiche hochverdichtender Motoren an die Kompressionsfestigkeit 
dcr Kraftstoffe zu verringern, wie gleichzeitig durch chemische 
Mittel (Ethyl, Eisenkarbonyl, Tetraathylblei, Alkoholzusatz, 
sinngemasse Leitung der Crackverfahren usf.) die Kompressions- 
festigkeit der Kraftstoffe selbst zu steigern. 

These N 

1. Die Anfordcrungen an die Kraftstoffe haben sich so klar ent- 
wickelt, dass es moglich erscheint, international eine verhaltnis- 
miissig geringe Anzahl von Kraftstofftypen zu vereinbaren und 
deren wcsentlichc Eigenschaften zu normen. 

2. Als Kraftstofftypen werden vorgeschlagen: 

(a) leichtJJuchtif^e Kraftstoffe (Autokraftstoffe) 

(1) nicht kompressionsfest, 

(2) massig kompressionsfest, 

(3) sehr kompressionsfest, 

(b) miUel/htchiiger Sonderkraftstoff fiir die Luftfahrt 

(c) schwcrjl'iichtigc Kraftstoffe {Dieseldle) 

(1) relativ niedrig siedend, 

(2) hochsiedend. 

3. Zur Normung werden folgende Eigenschaften vorgeschlagen ; 

{a) Fluchtigkeit (Kennziffer, Fraktionierungsziffer), 

(b) Reinheit, 
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(c) Kompressionsfestigkeit (Bezugspunkte und Mass noch 

,zu bestimmen) , 

(d) Lagerbestiindigkeit. 

(e) Korrosionsfreiheit, 

(/) Schwefelgchalt, 

(g) H/C-Verhaltnis, 

(h) Geruch, 

(i) Kaltcfestigkcit. 

ZusAMMENi'ASSUNG. — Der Motor des Kraft fahrzeugs ist eine sehr 
empfindliche Feuerung. Die Entwicklung iit Deutschland geht 
dahin, qualitativ hochwertige, gut raffinierte und verhaltnismassig 
niedrigsiedende Kraftstoffe zu verwenden. Die Ersparnis an 
Betriebskosten, welche durch billigere (z.B. hoher siedende oder 
mangelhaft raffinierte) Kraftstoffe erzielt werden kann, steht ausser 
Verhaltnis zu der so erzielten Erschwerung der Bedienung, Ver- 
grbsserung der Abnutzung, Verringerung der Betr^ebssicherheit 
und Wahrscheinlichkeit tourer Rcparaturen. 

Die in Deutschland an einem Kraftstoff (Motorenbenzol) erstmalig 
durchgefuhrte scharfe Normung hat sich in der Autoinobilpraxis 
vortreffiich bewahrt. Normung aller Kraftstoffe in Bezug auf die 
wichtigsteh Eigcnschaften wird deshalb angestrebt. 

Deutschland hat 1 927 cinen Kraf tstoffverbrauch von etwa 820 000 
tons gehabt. Im gleichcn Jahr^ hat Deutschland 280 000 tons 
Benzol erzeugt und ausserdem einen Einfuhriiberschuss an Benzol 
von 114 000 tons gehabt. Der Rest des Bedarfs wurde in dcr 
Hauptsache durch auslandisches Benzin und nur zum kleinen Teil 
durch einheimisches Benzin (kunstliches und naturliches) , einheimi- 
sches Braunkohlenbenzin und cinhcimischen Alkohol gedeckt. 

Fur 1928 wird ein Bedarf von etwa 1 Million tons erwartet, von 
dem wiederum etwa 280 000 tons durch einheimisches Benzol 
und ein noch unbekannter Bet rag durch synthctisches Benzin 
gedeckt werden wird. 

In Deutschland liegt insbesondere bei Lastkraftwagen das Ver- 
dichtungsverhaltnis holier als anderwarts, wodurch sich besonders 
sparsamer Kraf tstoffverbrauch ergibt. Deutschland hat durch 
seinen Benzolreichtum, femer durch Alkohol und Braunkohlen- 
benzin, sowie endlich durch Eisenkarbonyl die Mbglichkcit, sein 
durchschnittliches Vcrdichtungsverhaltnis noch weiter zu steigem, 
wenn die Kraftstoffindustrie geeignete organisatorische Massnahmen 
trifft. 
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PROPERTIES REQUIRED OF LIQUID FUELS FOR USE IN AUTO- 
MOBILE AND AIRCRAFT ENGINES, AND HOW THE OIL INDUSTRY 
MEETS THESE REQUIREMENTS " * 

WA. OSTWALD 

{English Version — Abridged) 

General 

At the present time the substances employed as fuels for internal combustion 
engines include hydrocarbons, alcohols and certain organic compounds. As 
these substances only supply their energy indirectly, that is, by the change 
in volume which occurs when they are burnt, the relative value of a fuel must 
be determined by its c 3 . 1 orific value, which itself is dependent on 

(а) The carbon content, 

(б) The hydrogen content, r 

(c) 7'he oxygen content in the sense that the presence of oxygen represents 
partial combustion and reduces the calorific value, \ 

{d) The form in which these elements are combined, viz., aliph^ic hydro- 
carbons have a lower calorific value than, for example, \ benzol or 
acetylene, and \ 

(«) The impuntics present (The calorific value of sulphur is deterhiined by 
the manner in which it is combined, while inorganic matter — ash — 
reduces the calorific value in the projJortion in which it is present.) 

Knowing the proportions in which the various constituents are present, it 
IS, therefore, not possible to calculate exactly the calorific value of the fuel. 

In general, the smaller the weight of fuel necessary to produce a definite 
amount of heat, the better the fuel. This can bo seen from Table I., in which 
the weight (in grams) necessary to produce 1,000 k cals, is given for several 
fuels 

TABLE 1. 

Benzine ... ... ... .. ... 05 

Benzol ... .. . , ... ... 104 

Spirit ... . . ... ... 165 

Methanol ... ... . . 214 

As, in order to ensure greater freedom of motion and a larger sphere of action, 
mechanical transport units must carry their source of power, this "energy- 
weight” IS of considerable importance. A more convenient method of ex- 
pressing the value of a fuel, however, is by means of the "energy- volume," 
that is the volume of fuel required to furnish a definite amount of energy. In 
Table II. the volumes in (cubic centimetres) required to give 1,000 k cals, are 
shown. 

TABLE II. 

Benzine ... ... ... ... 127 

Benzol . . ... ... ... 119 

Spirit 204 

Methanol ... ... ... ... ... 271 

This value is particularly useful, for by means of it the radius of action of 
a motor vehicle can be estimated from its tank capacity. 

As fuels arc sold by volume, the price of a fuel per unit of energfy can 
be calculated from the "energy volume." Actually, ceteris paribus, this 
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“energy-price” forms a useful basis for the evaluation of a fuel, although it 
varies with the state of the market. 

The "eneigy-^nce” of low-boiling fuels such as benzine is very much higher 
than that of the high-boihng or heavy fuels — an incentive to the chemist to 
produce high “energy-price” fuels from the cheaper, heavier raw materials. 

Apart from the fuel itself, oxygen must also be considered as an energy- 
bearer and taken into account. Under normal conditions there is no need 
to consider it except as a basis when studying the effect it produces at other 
pressures. Although it cannot alter the calorific value of fuel, at low pressures, 
e.g., at great heights, it affects the compression and carburation systems. 
So far (in spite of the five-fold power volume ratio it affords) pure oxygen 
has not been used for internal combustion engines on account of the high 
temperatures produced and other technical difficulties 

The essential features of a fuel for automotive engines are low cost and high 
ton-mileage, and, to secure the former, thermal efficiency is often sacrificed. 
The wide range of uses to which such fuels arc put, from driving private cars 
to driving lorries or fishing boats, indicates that two types of fuel are really 
necessary, one a “ luxury” fuel and the other a “useful” fuel. While the chief 
requirements of the former include easy starting, rapid acceleration, clean 
burning and absence of odour both before and after combustion, those of the 
latter are cheapness and high ton-mileage. The cost of the “luxury” fuel 
must, on account of the extra cost of production, be higher than that of the 
“useful” fuel 

Between the engine designer and the fuel chemist two classes of fuels have 
been developed Although differing considerably in boiling range, these fuels are 
essentially the same. One is low-boiling and is used in the constant- volume 
cycle engine, while the other boils over a very much higher range and is em- 
ployed in Diesel engines. At present, the lighter of the two fuels is the less 
economical. 

Fuel development and engine design have influenced each other For example, 
the constant-volume cycle engine has been improved by increasing the com- 
pression ratio, this being rendered possible by the production of fuels stable 
to high compression, such as aromatic, naphthemc or alcoholic fuels. “Anti- 
knocking” agents have also been developed for increasing the stability of 
fuels towards high compression. On the other hand, the advent of the high 
speed Diesel engine has resulted in lower compression ratios being used and 
also in a considerable decrease m engine weight. For tliis type of engine, the 
aliphatic fuels are preferred, on account of their low spontaneous ignition 
temperatures or “pro-knocking” tendencies. 

The need for a heavy oil carburetting system for airship and aeroplane use 
will exist until a light Diesel engine is available, owing to the particular risk of 
fire on aircraft. The care taken of aero engines and the steady output required 
of them are both factors in favour of the development of this type of engine 
It would, therefore, seem worth while examining the behaviour of a close cut 
hydrocarbon fuel, boiling at approximately 180"C. (which would lessen the 
risk of fire) in a carburetting system. 

GENERAL PROPERTIES OF LIQUID FUELS 
Corrosive Action 

Copper, lead, zinc, aluminium, magnesium and their alloys are all employed 
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in the fuel systems of automotive engines. All are liable to be corroded by 
the fuel and, unless precautions are taken, this corrosion may become so 
serious that the pipes of the fuel system become choked. Th’e cf.uses of the 
corrosive action are acid remaining from the refining, free and combined 
sulphur (sulphur in thiophene, carbon disulphide, etc., is not corrosive), 
aromatic hydroxyl compounds, such as phenols or naphthenic acids, and 
unknown compounds resulting from poor refining. 

Sulphur IS particularly corrosive towards brass and copper; tin, on the 
other hand, is immune from all the corrosive agents mentioned and can be 
used to protect tubes, etc. Until all fuel systems are protected by tinning, 
however, the fuel must be non-corrosive. 

The corrosive action of a spirit is tested by observing its action on strips of 
various metals placed in it. 

Stability j 

It IS essential that a fuel should stand storage for at least six nipnths without 
alteration in closed tanks, whether galvanised, lead-coated or nAt. 

The risk of alteration is particularly great for badly refined low boiling spirits 
which leave a residue on evaporation. The test for stability is to evaporate 
100 c.c. of a six months old specimen on the water bath; not\ more than 
50 mgm of restduc should remain. 

Freedom from Dirt and Water 

ff 

Notwithstanding the fact that fuel systems on all engines are fitted with 
devices for separating water and dirt, motor fuels must be perfectly clean on 
account of the great sensitivity of the carburettor and fuel pumps to these 
impurities. Water and dirt, with rare exceptions, separate out on standing, 
so that dirt sejiaration must rest rather with the carburctting system than 
with the fuel As rust formation and water separation are practically un- 
avoidable (both benzine and benzol dissolve small amounts of water), suital le 
devices must be fitted to deal with them. Alcohol mixtures deposit no water 
but the dirt chokes tlie filter so that special care is necessary in designing 
suitable cleaning devices for these fuels. 

Odour 

Certain fuels have a pronounced odour which is objectionable to many 
people This applies not only to the fuel itself, when an unpleasant odour is 
usually due to poor refining, but also to products produced by incomplete 
combustion due to over-rich mixture or other causes For example, partially- 
burnt tetrahn affects the eyes and has an unpleasant odour, while benzines with 
heavy "tails,” many cracked benzines and low boiling lignite distillates, all 
tend to burn badly and impart a penetrating and objectionable odour to the 
exhaust The exhaust gases from Diesel engines running on gas oils have an 
irritating eflect on the mucous membrane owing to the presence of traces of 
some product resulting from incomplete combustion, a nuisance which can be 
overcome by injecting water or alcohol into the cylinder with the fuel, or 
better by ensuring complete combustion, as in the Junkers opposed piston 
engines. Unless steps arc taken the unpleasant odour may inconvenience 
passengers or contaminate delicate goods such as food, while the exhaust 
gases pollute the street air. 

Toxicity 

All low boiling fuels in the form of their vapours exert a suffocating effect 
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on animal life. In smaller concentrations the effect is narcotic; the order of 
their activity is benzine, benzol and alcohol. 

On the otfa^r hfeind, exhaust gases are poisonous owing to the presence of carbon 
monoxide, again resulting from incomplete combustion. As indicated above 
the presence of alcohol in the fuel promotes combustion while high boiling 
“tails” and high carbon contents favour incomplete combustion. Attempts to 
overcome these effects have been made by the use of a catalytic process of 
after-burning, but apparently so far with little success 
The presence of lead tetraethyl in the fuel renders it toxic and such fuels 
are, therefore, coloured red to avoid mistakes being made. When using lead- 
doped fuels, separation of lead in the engine and pollution of the street air 
are unavoidable. Owing to medical assertions that lead poisoning is cumu- 
lative, the introduction of lead tetraethyl into Gernlany would be difficult 
A further reason for this is its technical inferiority to iron carbonyl, and so no 
inconvenience is caused. 

Skin Irritation 

Motor fuels act on the skin by dissolving out the fat, which, in the case of 
certain individuals, gives rise to skin irritation. Benzine and gas oil give little 
trouble in this respect, but coal tar oils and tetralin are particularly potent and 
cause inflammation or eczema. i 

Tendency to Dissolve Varnish, etc. 

The varnishes of the linseed dil type, which it is customary to employ on 
automotive engines, are generally little affected by benzine or gas oil although 
more so by benzol and coal tar oils; they are, however, readily attacked by 
alcoholic mixtures, tetralin, etc. The same applies in a lesser degree to the 
cellulose pamts, although for all practical purposes these remain unattacked. 
Until, however, the use of cellulose lacquers becomes general, attention 
must be paid to the solvent action of fuels on varnishes. 

M1.SCIBILITY 

Hydrocarbon ^uels, i e., benzine, benzol, gas oil, coal tar oils, lignite oils, 
etc , are miscible in all proportions inter se. Anhydrous (absolute) alcohol is 
also completely miscible with hydrocarbon fuels but this property disappears 
on the addition of water, for example, by absorption from the atmosphere. 
It is, therefore, necessary to add certain substances such as hydrogenated 
phenols or higher alcohols which have the property of rendering aqueous 
alcohol and benzine miscible, to prevent separation occurring. These sub- 
stances are known as “Homogenisers ” 

Stability at Low Temperatures 

Fuels intended for automotive engines must show no tendency to solidify 
or separate into their constituents when cooled to - 15 to -25°C, while 
aircraft fuels must stand much more rigorous cooling without alteration 
Benzine is completely unaffected by cooling while gas oil shows only an 
increased viscosity. On the other hand, coal tar distillates tend to solidify 
through the separation of naphthalene, etc., and benzol itself freezes at 
— 4°C. The freezing point of the latter substance is considerably lowered by 
the presence of its homologues (B.V type) although benzol tends to separate 
out at — I5®C. Alcohol and benzine produce a still more marked effect on 
its freezing point. Alcohol alone or mixed with hydrocarbons, can be cooled 
to extremely low temperatures without change, but the presence of a little 
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water renders alcohol-hydrocarbon fuels very sensitive to cooling. Benzine- 
alcohol mixtures are much more sensitive than the corresponding benzol- 
alcohol fuels. This sensitivity is reduced by the so-called "Iloigiogenisers'' 
(vide supra). 

Sensitivity to Water 

Benzine is capable of dissolving a small quantity of water, the amount 
increasing with rise in temperature. The same holds to a greater extent for 
benzol, with the result that if benzol saturated with water is mixed with 
benzine, water at once separates. In practice, the separated water tends to 
collect impurities present in suspension such as rust, etc. These accumulate at 
the boundary between the two layers, a circumstance which allows the dirt 
to be drawn off with the water in the form of a sludge. Alcohol mixtures may 
dissolve several per cent, of water with the result that eventually separation 
into two layers occurs The number of cubic centimetres of water which 
causes permanent turbidity in 100 c c. of an alcoholic fuel is a. convenient 
means of estimating the content of water in the alcohol present. \ 

Production and Supply of Fuels ' 

The only fuels of use for the production of automotive power are (kpart from 
certain exceptions) those without any great peculiarities. Exceptional fuels 
are only of vaWe when sufficient supplies are available. An example of this 
is shown by benzol, which in Germany is so plentiful that it is used both alone 
and mixed with benzine; as a result German automobile engines tend to have 
comparatively high compression ratios As, in the U.S.A., the total benzol 
production forms only a fraction of the motor fuel consumption, American 
car builders can only increase the compression ratio of their engines as better 
fuels become available. 

Actually, Germany has a very large quantity of high-compression fuel for 
disposal. In 1927 the benzol production amounted to 300,000 tons, which 
with that imported. 1 14,000 tons, became 414,000 tons Of this, only a small 
quantity was required for the chemical and rubber industries, etc , so that 
approximately 400,000 tons was available as fuel for motor engines. As the 
total German consumption for 1927 was 800,000-900,000 tons, this represents 
50 per cent, of the total consumption and corresponds, when mixed with the 
benzine, with a 40-50 per cent benzol mixture. Actually, m this particular 
year, a considerable portion remained unsold, for besides benzol, other high 
compression fuels such as "Motalin” (benzine "doped" with iron carbonyl), 
"Monopohn" (alcohol-benzine-benzol mixture) and lignite benzine were also 
available. The net result is that the compression ratios of German automobile 
engines are higher than elsewhere. For export the compression ratios must be 
lowered. The average compression ratio of private cars runs from 1 : 4 5 to 
1 : 5, while for sports cars it is naturally very much higher. Certain lorries, 
e.g., the Krupp (1:6) and the Henschcl (1 : 5 to 1 : 8) also have high com- 
pression ratios. 

UNIMPORTANT CHARACTERISTICS OF FUELS 
Commercial users of motor fuels often place great value on properties which, 
in practice, are meaningless or misleading. 

Specific Gravity 

From an early date the petroleum industry has measured the volatility of a 
fuel by means of its gravity, a low specific gravity being taken to indicate high 
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volatility. This relationship only holds, however, when the benzines have been 
produced from similar crude oils and then only under special circumstances. 
In fact, owing Jo cracking and the many possible origins of the crude oil, no 
conclusions can safely be drawn from the specific gravity. Volatility can only 
be determined directly. Moreover, the specific gravity is an evaluation constant, 
for with fuels of equal volatility, the higher the gravity the better, and in 
general, the mileage and the compression stability also. 

Colour 

It is specified that volatile fuels must be colourless While it is certainly 
true that colour usually indicates poor refining and turbidity the presence of 
dirt or water, a faint yellow colour, which is often found in practice, makes no 
difference whatever to the value of the fuel, colourless fuels are in fact often 
less valuable. No notice should, therefore, be taken oi' the colour of a motor 
fuel. Many are actually being tinted intentionally, eg.. Ethyl gas or “Eno.” 

Stability to Light 

All hydrocarbon fuels are affected by strong light with the re.sult that they 
go “off colour." Many benzines and benzols become turbid and eventually 
an insoluble layer separates As, however, fuels are never subjected to such 
drastic treatment in practice but are always stored in impenetrable containers, 
this test is unnecessarily severe No difficulty has been experienced in the 
use of iron carbonyl which is actually decomposed by light. Again, the bearing 
of light-stability on storage-stability is not at all certain. 

IMPORTANT CHARACTERISTICS OF FUELS 
The three properties of a fuel which determine its value are ; (a) Volatility, 
(fc) purity arid (c) combustion characteristics. 

Volatility 

By volatility one must differentiate between the general position of the 
distillation curve, which is given by the average distillation temperature or 
index temperature, and the shape of the curve with respect to the slope of 
the average grailicnt; the distillation curve is usually intended. It is customary 
to give the initial boiling point, the distillate (per cent.) at definite tempera- 
tures, for example, at lOO' C , at I20''C , 130X , or 140"C , at 150"C , at IffOX. 
or 200X , tlie 95 per cent, distillate teinperature and the final boiling point — 
further figures being given for higher boiling fuels. The distillation curve is 
not constant, however, .ind depends on the apparatus used, f or benzine 
the Engler-lJbbelohde apparatus is used, while for benzols, Kramer and 
Spilker’s apparatu.s is generally employed. As the final boiling point is not 
particularly accurate, the 95 per cent, temperature is preferred When 
distilling light fuels, e.g., natural gas gasoline, extra cooling is necessary for the 
condenser, to prevent lo.sses. 

According to the position of the distillation curve one can differentiate 
between various types of fuels. 

(^4) Up to an average distillation temperature of 125"C . Motor spirit 

(gasoline) , 

(B) ,, ,, ,, ,, 135''C . Heavy benzine 

* (vaporising oil). 

(C) ,, .. 200°C. : Kerosene. 

(D) ,, ,, „ „ 275'’C. : Diesel oil. 
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Since the heat of vaporisation of benzine is smaller than that of benzol 
hydrocarbons while that of alcohols is very much higher, it follows that the 
volatility of these lucis should be correspondingly less « 

The slope of the distillation curves is in the following order : 

Alcohol and alcohol mixtures, 

Benzol, 

Benzol mixtures, 

Benzine, 

Heavy benzine, 

Kerosene, 

(jas oil. 

The steeper the curve the greater is the tendency to give rise to incomplete 
combustion. * 

The absence of low boiling hydrocarbons is unde.sirablc becai;^se difficulty is 
then experienced when starting, while heavy "tails” give rise.to incomplete 
combustion and dilution of the lubricating oil ("crank-case dilution”). "Jumps” 
in the curve also tend to produce incomplete combustion \ 

Although the absence of volatile hydrocarbons gives difficult ^starting, too 
high a content (as in natural gas gasoline) gives trouble, because i^ vaporises in 
the warm fuel Jines and produces "locks”: it also increases the danger of fire. 

No inferences with respect to their behaviour in the engine can be drawn 
by comparing hydrocarbon distillation curves with those obtained from 
alcohol-hydrocarbon blends. 

l^ow boiling constituents arc also desired in Diesel oils for. although the 
higher the boiling point the lower the spontaneous ignition temperature, 
low boiling constituents give more complete combustion. 

PUKllY 

Apart from freedom from inorganic matter, etc , low sulphur and gum- 
content are also required. A small amount of sulphur in the oil, providing 
it IS not present in a corrosive form, is not m any way irjurious. A high 
sulphur content on the other hand may give trouble, the sulphurous acid, 
produced on combustion, corroding the exhaust valves A much more serious 
danger is the accumulation of sulphurous or sulphuric acid m the water, 
usually found in the crank-case, producing corrosion. 

Certain fuels eon taming dissolved gummy matter, or which form gum 
easily, tend to ” gum-up” the inlet valves This trouble in most cases is due to 
insufficient refining. Although the sulphuric acid test and the determina- 
tion of the residue on evaporation both indicate the tendency to gum, in 
practice the engine test only is reliable. 

Combustion Charactekisfics 

When considering the combustion characteristics of a fuel, one must differen- 
tiate between the tendency to detonate and the tendency to form soot 
The extent to which soot formation occurs is dependent upon the hydrogen- 
carbon ratio For example; chemically pure benzol, H/C ratio = 1, 

shows a greater tendency to form .soot than motor benzol (B.V. Type) in 
which, owing to the presence of liomologues, the H/C ratio = ca. 15 while 
benzine, having a H/C ratio = 2-1, only forms s ot with great difficulty. 
The same holds true for the higher boding oils employed for Diesel engines. 
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Fuels containing oxygen, e.g., alcohol mixtures, burn exceptionally cleanly 
wjth absolutely no soot formation. Addition of water to hydrocarbon 
fuels procftces a similar effect. 

In general, the tendency of a fuel to detonate is also determined by the 
H/C ratio, although with benzines the tendency to "knock” increases vvith 
the boiling point. The presence of certain groups, such as — OH groups and 
water itself, reduce detonation Other substances which tend to suppress 
"knocking” include certain aromatic amines and organo- metallic derivatives 
such as lead tetraethyl, iron carbonyl, etc. On the other hand, certain com- 
pounds, e.g , ?.s(>-propyl nitrite, induce detonation 

The converse is true for Diesel fuels, fuels poor m hydrogen, such as benzol 
and coal tar distillates, knocking slightly, this is probably on account of 
the delay in ignition and the resulting accumulation of combustion It can be 
prevented by introducing a small quantity of a fuel rich in hydrogen 
("pro-knock” in constant- volume cycle engines) with the coal tar fuel. 

Several methods have been devised for measuring the detonating tendencies 
of various fuels, hut so far no international standard has been adopted. 

The compression-stability of volatile fuels intended for constant- volume 
cycle engines is of considerable importance on account of the possiblity of 
using high compression ratios which give higher power output and are more 
economical. 

Conversely, it is possible that compression-stability also has a bearing on 
the behaviour of Diesel oils, in an inverse sense, as the spontaneous ignition 
temperature alone does not appear to explain everything. 


HOW THE OIL INDUSTRY MEETS THE REQUIREMENTS OF THE 
AUTOMOBIEE ENGINE USERS 

The fuel requirements of (ierman motor transport, etc , arc met as follows: 

(1) Benzine, (a) From foreign petroleum (principal part) 

\h) From home produced petroleum (insignificant). 

(c) From chemical industry (synthesis). 

((/) From lignite industry (lignite benzine). 

(2) Benzol (n) From home coal industry (principal part) 

(b) From foreign coal industry (smaller part). 

(3) Alcohols, (a) From potato fermentation (ethyl alcohol) 

(6) From chemical and paper industry (from sulphite lye, wood, 
etc. ; ethyl alcohol). 

(r) From chemical industry (synthetic methanol). 

These are employed as follows : 

A . Gasoline (Average distillation temperature ca 1 20"C Anti-detonatmg 
value small, principal grades "Dapolin” and "Stelhn.”) 

D. Benzol. (Average distillation temperature lOO^C. Anli-detonatmg value 
very high, almost exclusively B V.-Type ) 

C. Motalin. (Benzine "doped” with iron carbonyl ) 

D. Synthetic benzine. (Very similar to natural benzine; not yet characterised 

as synthetic ) * 

E. Lignite benzine (Anti-detonating value high.) 

F. Monopolin, (Formerly a mixture of benzine, benzol and 95 per cent, 

spirit, now an improved mixture of absolute alcohol and benzine.) 
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G. Racing monopolin and motalin. (Racing fuels containing ethanol and 

methanol ) r 

H. Benzine-benzol mixtures. (Mostly 50 ; 50 mixtures of gasoline and benzol 

(B.V.-Type). The most widespread mixture is "B.V. Aral".) 

Although only very definite products are used for motor engines, oils varying 
from water-white refined oils to heavy residues are employed for Diesel 
engines These are chiefly provided by the petroleum industry but some 
lignite and coal tar distillates are also used 

A reduction in the number of fuels of different types is highly desirable, 
a smaller number of standard fuels being preferred. Motor benzol has already 
been standardised by t^je Benzol- Verband with great success. Standardisation 
of motor fuels offers many advantages, not only to the engine designer and the 
consumer but also to the producer and the dealer. 

The fuel position a Germany is at present changing chietfly because the 
German fuel requirements have increased enormously In 1926 the consump- 
tion amounted to GOO. 000 tons while that for 1927 was between 820,000 and 
900,000 tons It is estimated that the fuel consumption for 1928 will be over 

I. 000,000 Ions as both the number of vehicles in use and the size of the indi- 
vidual power units are increasing 

At present, Germany is in a position to pi^oduce firactically half her total 
consumption at home It is quite possible that by developing the synthetic 
benzine industry she will become entirely self-supporting Whether plant 
will be erected with this end in view remains to be seen 

Under the circumstances, it is in the German interest to reduce the fuel 
consumption as much as possible and considerable attention is, therefore, 
being paid to increasing the compression-stability of the fuels in order to raise 
the compression ratios of the engines. 

The ])o.ssibility of decreasing the fuel consumption appears so interesting and 
urgent a problem that motor builders all over the world generally acknowledge 
the necessity for high compression. 

Attempts arc being made to solve the problem by engine design (Ricardo's 
combustion ebamber, the Dumanois' stepped piston, and so on) as well as by 
increasing the compression -stability of fuels through chemical means (iron 
carbonyl, lead tetraethyl, alcohol, development oJ cracking process, etc ). 

PROPOSED SPECIFICATIONS 

Fuel requirements have become so definite that it is possible to select a small 
number of fuels as standards and specify their e.sscnLial cliaracteristics. 

The suggested fuels arc 
{A) Fuels of high volatility. (Gasolines.) 

(1) Low anti-knock value. 

(2) Medium ,, ,, 

(3) High 

(i?) Special fuels o1 medium volatility for aircralt. 

(C) Fuels of low volatility. (Diesel oils.) 

(1) Relatively low boiling range. 

(2) High boiling range. 
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The following properties to be standardised : 

(a) Volati^jty^ (Average boiling point, fractionation index.) 

(ft) Purity 

(c) Compression stability. (The standard and measurement to be specified.) 

(d) Stability on storage. 

(e) Freedom from corrosive action. 

(/) Sulphur content. 

(g) H/C ratio 
(ft) Odour. 

(f) Stability to cold. 
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During many years ihe petroleum relining industry^ has been 
developing, stej) by step, from the old rule of thumb methods, and 
approximating steadily to a perfection of plant control that is 
only obtainable by accurate and scienlitic procedure. Early* 
distillation plant consisted of flat-bottomed chcese-ljox stills and 
simple worm condensers. Frequent re-distillation was necessary, 
but there was little need for sharp fractionation, seeing that in 
the early days almost the only product was kerosene; gasoline 
being, in fact, an objectionable waste material, while at the 
heavier end lubricating oils derived from petroleum were as yet 
unknown. Step by step an increasing degree of fractionation 
became desirable, until to-day the perfection and efficiency long 
ago obtained in the alcohol industry have been attained in petro- 
leum refineries, and the large area previously covered by primary 
^stills and re-distillation units is now unnecessary, seeing that a 
simple equipment, consisting of a pipe still, fractionating column, 
heat exchangers and condenser, is sufficient. The pipe still, long 
known, in point of fact, in the coal tar industry, only really came 
into its own in the petroleum industry when the necessity for 
accurate control of heat, pressure, and velocity was demanded 
by the development of cracking. 
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THE MODERN PIPE-STILL 
The mo^de^n pipe-still unit consists essentially of the following 
components : — (1) a furnace containing tubes through which the 
oil is passed under pressure; (2) a vaporising chamber or 
evaporator in which the oil is flashed, i.e.^ the who}e of the 
required distillates removed in one operation^ the final residue 
being taken off at the bottom; (3) a fractionating column in 
which the vapours are fractionally condensed to give the desired 
products. Refinements usually incorporated include heat ex- 
changers (from which, in some plants, it isj actually possible to 
remove the lightest fraction) and automatic control devices; heat 
economy and a standardisation of working conditions, and, there- 
fore, of products, are attained thereby. It is evident that the 
conditions of working may be so modified that only a part of the 
required distillates is removed in the above operations and that a 
second pipe-still, evaporator and column may then^be employed 
to deal with the partial residue from the first. This process of 
dealing with the oil in two operations is known as the ‘^double- 
flash” system as distinct from the “single-flash" system, in which 
all the required distillates are taken olf in one operation. Up to 
the present the single-flash system is more widely employed, the 
double-flash method of working being less efficient. 

As typical of modern pipe-still installations, the following de- 
scription of the M. W. Kellogg Company's (New York) pipe 
still, which incorporates the Cross radiant heat recirculation type 
furnace, designed to handle 2,000 barrels of Roumanian crude 
oil per day, is of interest. The following products are obtained : — 

TABLE I. 



% on crude 

1 B.r. 

F B P 



by weight. 


C 

S G. 

Light gu.soline 

10 

400 

IlOo 

.720 

Naphtha 

4 

1050 

140” 

.767 

Light kerosene 

17 

1.55^ 

250” 

790 

Heavy kerosene 

10 

220^ 

2S’0o 

840 

Gas oil ... 

6 

2700 

5400 

8S() 

Fuel oil 

S2 


— 

945 

Loss 

1 





The very low loss is not unusual in the most modern pipe-still 
installations and presents one of the many advantages over shell- 
still units. Although the above fractions were those for which 
the plant was specially designed, the flexibility iS such that with 
the same apparatus other fractions could just as readily be 
obtained. For example, light and heavy kerosene could be taken 
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off together, whilst light gasoline and naphtha could be com- 
bined to give a single fraction consisting of gasoline of higher 
end point. 



Fig. 1. 


Tlie flow of the oil through the plant is best illustrated by 
reference to Fig. 1. Cold oil is directed by means of the cold oil 
pump to the reflux condenser on No. 2 tower, where it is heated 
by the rising vapours, sufficient of which is thereby condensed 
to furnish the correct amount of reflux to give the required 
fractionation on this tower. It then passes to the reflux condenser 
on No 1 tower, where it is still further heated to a temperature 
above 125"C., again supplying the necessary reflux. From this 
reflux condenser the crude oil is passed through the fuel oil heat 
exchanger, where the fuel oil is cooled approximately from 300° 
" to 150°, the crude oil being further heated to about 200°C. in the 
process. The heated oil is now discharged into the flash tower, 
the temperature of which is so high that all permanent gases, 
together with sotne light gasoline and naphtha, are vaporised and 
taken to No. 2 tower, where they are mixed with vapour coming 
from No. 1 tower. The partially reduced crude oil, now at 
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roughly 175°C., is taken from the flash tower by the hot oil pump 
and charged to the furnace. From the furnace the oil is directed 
to the bubble tower evaporator, where all overhead products are 
“flashed"; the residual fuel oil, freed from lighter constituents, 
passes through the fuel oil heat exchanger to the fuel oil pump, 
which delivers it through an after-cooler to storage. The vapour 
in this tower passes up through the bubble decks and is fractionated 
in the process. Gas oil is the first to be condensed, being with- 
drawn from the proper deck into a stripping drum, in which it is 
stripped of lighter products by means of a small amount of waste 
steam, and from which it is withdrawn through the gas oil cooler 
to storage. Kerosene passes up through successive bubble decks, 
heavy kerosene being condensed and withdrawn from the appro- 
priate deck, stripped by means of exhaust steam in a stripping 
drum and passed through the heavy kerosene cooler to storage. 
The residue vapour passes through the remaining decks and 
through the reflux condenser, where the proper amount of liquid 
is condensed to give the necessary reflux, the latter being dropped 
back into the tower to ensure fractionation and so maintain the 
end-point of the light kerosene. This tower is automatically con- 
trolled by. means of an electrically-operated by-pass valve for the 
crude oil passing through the reflux condenser; it is sufficiently 
flexible to allow the specific gravity and boiling range of the 
kerosene and gas oil to be varied over a very wide range. From 
No. 2 towci» gasoline is removed overhead, after l)eiii^» fraction- 
ated and passed to the condenser and thence to storage, whilst the 
naphtha is withdrawn in the liquid phase through a stripping drum, 
where light products are removed by means of exhaust steam and 
returned to the tower, the stripped naphtha being passed through 
the cooler to storage. The end-point of the light gasoline is 
regulated to the required temperature by means of the reflux 
condenser. The design of this tower permits a wide variation at 
will of the specific gravities and boiling ranges of the products ; 
the bubble decks in the lower part of the tower ensure the 
removal of light products from the light kerosene. 

The Cross radiant heat recirculation type furnace, incorporated 
in the Kellogg pipe-still unit, which is being described, is illus- 
trated in Fig. 2. In order to avoid the harmfjil effect of high 
furnace temperatures on the oil, tubes, and brickwork, the usual 
practice has been to introduce an excess of air. This is necessarily 
extravagant, since the excess air must be pre-heated to the furnace 

617 



LIQUID FUELS 

temperature, a process involving high fuel consumption. Even 
when the air is highly pre-heated the use of a larpe ^excess is 
both uneconomical and, owing to its oxidising effect, dangerous. 
In order to avoid the harmful eflfects of both excessive furnace 
temperatures and highly oxidising conditions, recirculation of flue 
gases and the use of radiant heat are becoming increasingly 
apj)re(:iated Roth these principles are incorporated in the design 



RAD>^NT HEAT REaRCULATED FLUE FURhiAjCE 

FOR 

2000 BBL PIPE STILL 
Fig. 2. 

of the furnace illustrated in Fig. 2, which is typical of the most 
^ modern pipe-still furnace construction. The tubes in the con- 
vection section are submitted to a very moderate temperature, 
obtained by mixing fresh products of combustion with gases 
which have already passed through the furnace. In the radiant 
section, whilst th® flame temperature may be as high as 1,700 to 
1,750°C., thus ensuring good combustion, the tubes are not sub- 
jected to direct heating by flame since the products of combustion 
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are taken to the combustion chamber through a number of 
openings along the walls, thus providing for the tubes a protective 
blanket, which is transparent to the radiation from the hot gases. 
This form of heating permits eaSy control and allows a high rate 
of heat transfer without danger of damage to the oil, the furnace 
tubes or the brickwork. Moreover, risk of local overheating of 
the oil with incipient cracking is further minimised since the oil 
introduced into the radiant section, where the furnace tempera- 
tures are highest, is still at a comparatively low temperature, 
having merely been pre-heated by contact with exhaust gases on 
their way to the flue. The oil passes at abbut 325° C. from the 
radiant section to the convection section, where the gas tempera- 
ture does not exceed 700°C. Further provision against “skin- 
cracking” is thus afforded, and efficient heat transference to the 
oil is accomplished by gradual rather than by sudden heating. 
When the oil leaves the bank of tubes in the convection section it 
is at its maximum temperature. • 

It is of interest to note that while in the Cross furnace the 
tubes are protected by a blanket of recirculating gas, in the Foster 
tube still the tubes are encased in corrugated cast-iron tubes, 
which serve the same purpose as well as helping to absorb the 
radiant heat. 

The furnace shown in Fig. 3 is described by Nash^; its action 
is clear from the diagram. Direction of the flame along a car- 



Reproduccd by courtesy of "The Refiner" 

borundum tunnel serves to heat still further the pre-heated in- 
coming feed air, whilst the heat-conducting carborundum roof 
forms a highly efficient radiating surface. » 

Mekler^ has indicated several ways in which furnace gase-. may 
be recirculated; it is evident that many variations are possible. 
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During the course of the development of modern pipe-still 
furnaces it has been found that suspension of the tubes by a 
slrucliire iiidej^endenl (if the furnace brickwork elimfnartes much 
of the tnjublc due to expansion strains^ which are liable to cause 
cracking, with consequent air infiltration and loss of efficiency. 

Evaporation 

From the outlet of the pipe heater, the mixed oil and vapours 
are introduced into an evaporating chamber. Here we find a 
great many different types in service. Some are horizontal with 
longitudinal splash ’ plates, some vertical with conical baffles. 
Others introduce the oil at a tangent in a vertical separate^. 
Sometimes \he stream is led directly into the fractionating 
column. All designs have some peculiar merit and are more or 
less efficient. The evaporator should spread the od out in a film 
to allow plenty of disengaging surface and be of a size to give 
sufficient time for separation. 

Whether the evaporator is part of the column or is separate, 
we have at its outlet the same conditions, namely, a large volume 
of vapour composed of all the overhead products. Upon their; 
efficient separation into close commercial cuts depends the success 
of the distillation unit as a whole. 

DiaTlLFXiMATION 

Modern equipment for fractionating petroleum has been 
evolved through various stages somewhat as follows : — 

1 A dome on the still. 

2. An enlarged vapour line. 

3. Towers consisting of vertical enlarged pipes. 

4. Unpacked vertical towers. 

5. Packed towers with radiation from the sliell to the atnios- 

jihere to provide rellux. 

0. Baflle t(jwers with aerial radiation. 

7 Insulated baflle and tray towers cooled by discharging oil 
into the tower. 

8. Rubble cap towers. 

During the past ten or fifteen years the bubble cap tower, which 
has long formec^^ part of the ordinary equipment for distilling 
alcohol or coal tar products, has gradually been modified to meet 
the special requirements of the petroleum industry. The factors 
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governing the design have been largely determined and a modern 
bubble cap tower is specially constructed for a specific and quite 
detinite pu]y:)ose. Thus the superlicial velocity of vapour through 
the tower determines the diameter of the shell, the volume of the 
vaijour determines the slot area of the bubble caps, the sharpness 
of fractionation required determines the number of decks, and so 
on. 

]\.obinson,'‘ dealing with a column into the central portion of 
w^hich the liquid to be fractionated is introduced whilst steam is 
blown in at the base, makes the following generalisations : — 

1. The function of the portion of the rectifying column above 
the feed plate is to remove the less volatile components, leaving 
the distillate composed of only the more volatile fractions. 

2. The portion of the column below the feed plate serves to 
separate the more volatile fractions from the stream of the 
heavier fractions leaving the bottom of the column. 

3 Heat must be supplied in the lower part of the, column either 
as the latent heat of rising vapour or as heat from steam, and 
must be withdrawn! from the upper part, usually by cimdensing 
part of the distillate, which may be by means of cold feed, 
knv-boiling feed, or down-flowing feed. Any portion of the 
column ’below the point where heat is introduced or above that 
from which heat is abstracted is inoperative. 

4. A single condenser at the top of a column with part of the 
condensate returned as reflux is more economical than more com- 
plicated condensing arrangements intended to give better rectifica- 
tion, unless the feed to the column is pre-heated by acting as cool- 
ing medium in the condensers. 

5 The vajionr velocity permissible is independent of the 
number of components in the mixture. 

6. In general, if n products arc to be taken off, sharp cuts can 
only be obtained by the use of n-1 columns. Thus for separating 
crude petroleum into gasoline, kerosene, gas oil and fuel oil in a 
continuous still, three columns must be used.* 

* Til marked contrast with the last condition, Rcid^ describes a jilant in 
which one fractionating column deals with the vapour from five 
of six shell-stills operated continuously in series The vaiiours from 
these five stills are carried through a common vapour line and enter 
the middle of the column. In effect, therefore, the five shell-stills 
constitute a single-flash system, since separatiifn of the oil into the 
required cuts is effected by fractional condensation and not by 
fractional vaporisation. 
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The advance in petroleum fractionating column design appears 
the more striking when we consider that not many years ago the 
plant employed was crude by comparison with ordinaryrj laboratory 
fractionating equipment, whereas nowadays the large-scale plant 
is precise by comparison with the same small-scale apparatus. 
Indeed, it, is only very recently that, for example, Peters and 
Baker"' have described a complicated laboratory distillation 
apparatus specially designed with the express object of bringing 
laboratory technique up to the standard of modern large-sc^le 
dislillation operations. I 

d'he modern bubble tower consists essentially of a vertical 
cylindrical shell containing a number of horizontal plates. Each 
of these jilatejj carries a certain number of “risers," each of which 
is covered by a “bubble cap." A certain depth of liquid is mam-\ 
tained on each plate and the rising vapour is constrained to pass 
through the risers where it is deflected downwards by the bubble 
cap, causing it to bubble up through the liquid on the plate. 
Provision is made to maintain a definite rate of down-flow of 
liquid f rom plate to plate. This is usually accomplished by means 
of a “partial condenser" or “analyser" on top of the tower, or it 
may be performed by pumping a certain amount of the cooled 
distillate into the top of the tower. If the crude oil is corrosive, 
the latter method is to be recommended. Corrosion is usually 
worst where products of li.p. 180'’ to 250^F. are undergoing 
condensation Moreover, the pumping-in method eliminates the 
costly steel structures for supporting reflux condenseTS^ and the 
difficulty and expense of repairs so far above ground. Using a 
pump, the partial condenser Ix-conies merely a heat exchanger 
and may be set low. Provided the condenser is proportioned for 
emergency operation the tower will still function (at the cost of 
some extra fuel) should the exchanger fail. Either procedure has 
the same effect ; “reflux" or “run-back" of liquid down the tow^r 
is provided, whereby a certain definite temperature-gradient is 
set up throughout the length of the tower, and scrubbing of the 
rising vapour is accomplished. Thus the vapour is subjected to a 
^■epeated and progressive partial condensation and redistilla- 
tion until it reaches the top of the tower where it is free 
from heavy ends, and is passed either to the next tower or to the 
condenser. The hpvier portion of vapour is condensed in the 
tower, stripped of all light fractions and drawn off at the bottom. 
Many variations upon this apparatus are possible. Thus 
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appropriate fractions may be withdrawn from various decks of the 
column, additional reflux may be introduced at various stages, 
and extefni?! stripping sections may be provided. The whole 
apparatus, in fact, replaces the separate devices used on a 
multiplicity of shell-stills, with this advantage, that at every point 
accurate control of temperature and reliux is possible. 'In actual 
mechanical form, the components of a bubble tower may undergo 
many variations ; a description of some of these, together with 
diagrams, is given by Reid.® The column designed by the Power 
Speciality Co. contains decks provided with long apertures, 
arranged parallel to a diameter, over whicli are long serrated 
covers maintaining a liquid seal, and provided also with two down- 
discharge pipes delivering condensate to opposite sides of the 
next lower deck. Corresjionding decks in the equipment supplied 
by Badger, of Philadelphia, are fitted with a large number of 
apertures, each surrounded by a hemispherical serrated ca]>. 

Control of 'iiie Tower 

1 

Regulation of the tower temperature is accomplished by con- 
trolling the quantity of reliux. For this purpose, there are two 
general eJasses of automatic instruments which behave satisfac- 
torily in use: (1) pyrometer controls; (2) air-actuated controls.^ 

Undoubtedly the p)rometcr is the more sensitive, and the 
sensitivity is not affected by the location of the instrument, which 
may be plaoed at any desired point. Moreover, the control ma> 
be accurately set to any predetermined temperature. There must, 
however, be a periodic make and break in a pyrometer tempera- 
ture controller, and during the period that the thermocouple is 
disconnected from the motor-operated valve the reflux may 
become unbalanced, with the result that the tower temperature 
wtII fluctuate. 

Air-actuated controls may be classified according to the filling 
of the capillary tubes; they may be mercury filled, vapoui- 
tension, or gas-filled instruments. Each has its advantages and 
disadvantages, but as a class the control is more rapid than with 
a pyrometric instrument. Of the air-actuated controls, the 
mercury-filled instrument is the most sensitive and the most 

♦ Since no plate is 100 per cent, efficient, the liquid c?n any tray is never 
entirely free from the light boiling fractions found on the trays 
above ; removal of the last traces is effected in a special device 
external to the tower (stripping drum). 
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rugged ; since, however, short tubing lengths are required, the 
instrument must necessarily be located near the point of control. 
Over the small range of settings to which it is limited the vapour- 
lension instrument is as sensitive as the mercury-lilled instrument, 
and a greater length of tubing may be employed. This latter 
advantage is shared with the gas-fdlcd instrument which lends 
itself to great Ilexibility from a practical standpoint. Moreover, it 
may be of the direct-set type, operating equally well over a wide 
range of temperature settings. It is not, however, so sensij.ive 
as the mercury-fille^ or vapour-tension instruments. V 

When the tower temperature is to be regulated by air-actua^d 
controls while pumping reflux into the tower, it is w^ell to combine 
a pressure regulator with the temperature regulator in order that 
there may be a fluid pressure ready to release the reflux liquid 
at the instant the control valve opens. 

Although straight-line control is theoretically the most satisfac- 
tory, a variation of db 2.5^^ is well within reason for all practical 
purposes, and may be accomplished with either pyrometer or 
air-actuated controls. The type of instrument to be installed can 
be determined only for the particular job under consideration; 
for example, if remote control is desired, pyrometer control is the 
most satisfactory, whereas if simplicity of equipment is the out- 
standing need, an air-actuated instrument should be installed. 
Whether air-actuated or pyrometer controls are used, a by-pass 
line should be provided, through which a certain amount of 
reflux may be passed continuously. Thus the control valve will 
be required to pass only the variable amount of reflux to take care 
of temperature changes. 

Advantages of the Pipe-Still Compared with the Shell- 
Still 

In a shell-still there is necessarily a large body of oil compafed 
with the heating surface. Heat transference is largely dependent 
on natural convection currents and, since oil is a very poor heat 
conductor, there is great risk of local overheating and low^ thermal 
efticienev. The formation of hot spots on the still bottom is par- 
ticularly undesirable when an oil {e.g,, lubricating stock) is being 
dealt with, the boiling range of which is close to the point at 
which incipient clacking becomes noticeable. The poor thermal 
efficiency of this type of still is illustrated by the fact that unless 
forced circulation is employed, not more than 3 to 4 B.Th.U. can 

624 



GREAT BRITAIN: PETROLEUM DISTILLATION 

be absorbed per square foot per hour per 1° difference.^ The 
pipe-still offers the obvious advantage of a much greater heating 
surface ^er unit volume of oil and a much more rapid 
flow of oil through the heated vessel. Moreover, the principle of 
the pipe-still renders possible much greater furnace efficiencies. 
Thus, with this type of still the heat transference is as much as 
12 to 14 B.Th.U. per square foot per hour per P difference; 
hence much higher furnace temperatures and, therefore, more 
economical furnace design are possible. In pipe-still operation the 
crude oil loss (1 per cent, by weight or Iqss) is much less than 
with shell-stills. A properly designed pipe-still may be operated 
with practically equal efficiency at, say, 60 per cent, of its rated 
capacity and with only very slightly decreased efficiency at, say, 
125 per cent, of its rated capacity. Comparing the performance oi 
shell-stills and pipe-stills, Leslie® quotes the following instructive 
data. The batch-stills and pipe-stills were operated at the 
same final temperature, 590°F., and in the former 54 per cent, 
was vaporised; in the latter, 77 per cent. The residue from the 
former contained 2.4 per cent, (on the crude oil) boiling below 
450° F., whilst in the residue from the pipe-still there was less 
than O.X per cent. For equal work done, the final temperature at 
the pipe-still may be approximately 100°F. lower than the final 
temperature in the batch process. Perhaps the most striking 
feature about the combination of a pipe-still and a modern 
fractionating column is its flexibility. Should the supply of crude 
oil suddenly change in source or properties, or should the operator 
desire to produce different fractions, the hot-oil furnace outlet 
temperature may be altered almost immediately to meet the new 
conditions. Ample time is allowed in the convection section of 
a well-designed modern pipe-still furnace to obtain the maximum 
vaporisation at the minimum heating temperature, thus avoiding 
cracking with the formation of products difficult to refine. The 
fractionating equipment can be even more flexible than the 
furnace. Without altering the temperature of the hot oil from 
the furnace, both the amount and the quality of any or all of the 
products may be modified to meet any requirements. In fact, not 
only may crude oil be run to gasoline, kerosene, gas oil, wax 
distillate and an asphaltic residue, but the same unit may be 
used on a much higher throughput; in the latter operation, unlike 
convenient shell-still crude oil distillation and redistillation, 
sharply cut fractions may be obtained. The compactness, the 
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relatively small amount of steel used, ease of repair, and low 
capital cost of pipe-still units are also important factors when 
a comparison with shell-still installations is drawn. The' risk of 
fire is also considerably diminished. 

Mettfod.s of Operating Pipe-Stills 

Leslie and (iood® have carried out an extensive investigation 
into the single and successive flash methods of vaporising petro- 
leum. For topping purposes the single-flash method is probably 



heat required to remove AJMY per cent of OtSTlU.ATE 

FROM ONE CAA,LON OF CRUDE 

Fig. 4. 

the more economical, although where the crude must be run to 
a low residue the successive flash has advantages. Comparing 
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single with successive flash the proportion of single-flash 
distillate boiling below the flash temperature is 82.3 per cent., 
while fot sliccessive flashings the figure is 80 65 per cent. The 
curve (Fig. 4), presented by these authors, clearly indicates the 
superiority of single flashing. The total heat (in B.Th.U, per 
gallon) required to vaporise any given per cent, of distillate from 
one gallon of a paraffin base crude oil is consistently greater for 
successive flash distillations than for the single-flash method. 
Not only is less heat required, but the temperature necessary to 
remove a given fraction of the crude oil is less by the single-flash 
process. Where there may be, even with a pipe-still, some slight 
risk of cracking, the lower temperature required renders single- 
flashing preferable. Even successive flashings is, however, 
better Ilian differential vaporisation or batch distillation in shell- 
still batteries. If shell-stills are employed, they would preferably 
be run as single continuous units — this being, indeed, quite a 
common practice 

F C. Koch,’" comparing various systems of pipe-still distillation, 
indicates that single-flashing offers the advantages that (1) the 
residue of, say, lubricating oil stock is obtained at a lower 
temperature than the final temperature which would be required 
to give th’e same residue in the second of two successive flashings ; 
(2) there is no troublesome hot oil charging pump for the 
secondary still ; (3) the pii^e-still will not require cleaning so fre- 
quently as the secondary still of a double-flash system. Never- 
theless, the* double-flash system (Fig. 5) offers different 
advantages: (1) the first fraction, e.g,, straight-run gasoline 
and/or kerosene, is removed at a lower temperature than that 
required to flash the entire distillates in a single-fla.sh still and 
therefore needs a minimum of treatment (2) the cracked gasoline 
resulting from the high temperature necessary to flash the gas 
oil is obtained separate from the straight-run gasoline obtained 
from the first still (3) although the second still will require 
cleaning more often than a corresponding single-flash still, the 
first still will require cleaning less often and need not be shut 
down during the idle period of the second still. 

Recent papers in the technical press, particularly in America, 
describe many typical installations of pipe-still and column. 

Thus, Smith discusses the plant of the Pure pi\ Company, in 
which the fractionating columns are three in number. Each is 
8i ft. X 70 ft., with two horizontal cylinders 16 ft. long placed 
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at ri^(ht an^jles to the vertical axis of the tower, one at the top 
to house the heat exchanger and refluxing coils and one at the 
hottrmi to contain re-hoiling coils Fresh crude oij fjasses in 
series through the three reflux sections, thence to the residue 
heat exchanger and thence to the first heating section of the pipe 
still. It d;schargcs into the lower (stripping) section of the first 
lower, gasniine being taken overhead whilst the residue returns 





Fig. 5. 


to tlie i)i])e-still and is vaporised. Unvaporised oil passes through 
the exdianger and away as fuel. Fhe vapour enters the second 
lower ( ias oil and heavier oils Ilow from this tower through 
the rehoiler coils of llie third column and to storage. Overhead 
from the second lower may optionally be gas oil or kerosene. 

Miller describes the three-tower pipe-still unit of the Marland 
Uefining (.\jmpany. In this system the crude oil, after passing 
through the heal exchanger, is flashed into the first tower and 
gasoline is taken overhead. The bottoms are pumped through 
the pipe-still and flashed into the second tower, from the base of 
which a stripped*residuum is taken. An "omnibus'’ distillate of 
gasoline, kerosene and gas oil is taken from the top of this tower 
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to a point midway in the third tower, whence gasoline passes 
overhead, kerosene from a plate some distance down the tower 
and stripp^jd gas oil from the base. The same refinery operates 
a single tower system from which gasoline, kerosene, gas oil and 
residuum are removed overhead and from plates at positions down 
the tower. 

FRACTJ()Ny\TTON IN NATLIRAL GAS GASOLINE 
PLANTS 

Natural gas is composed of methane, ethane, propane and 
butane, all of which are gaseous at the ordinary temperature and 
pressure, together with traces of higher paraffins such as jienlane, 
hexane, heptane and octane. The compression gasoline isolated 
from this gas contains from a trace up to 5 per cent, of propane, 
0.40 i)er cent, butane, 15 40 per cent, pentane, and all the hexane, 
lieptane and octane originally present in the gas. The presence 
of propane is. however, undesirable, since vci*)' high vapour 
pressures cause loss of material by evaporation.* The natural 
gasoline manufacturer of to-day is therefore confronted with 
the problem of preparing economically from the natural gas a 
gasoline which is “stable,” that is to say which contains all the 
pentane. and higher paraffins present in the gas, with as much 
butane as the market specification will allow, and with practically 
no propane. (Originally, the natural gas gasoline (compression 
gasoline) was stabilised by weathering or simple distillation. This 
uneconomical process left much to be desired, but was continued 
as long as manufacturers were concerned only with reducing the 
vapour pressure and increasing the yield of non-stabibsed gaso- 
line from the gas. With increasing need for economy, improved 
methods of stabilisation were introduced, including vent lank 
separators, re-cychng, and finally fractionation. The credit for 
the earliest commercial attempt to separate propane from its 
heavier homologues is due to the National Carbon Company, 
their first plant being described by Rafferty in a paper read before 
the Association of Natural Gasoline Manufacturers at Tulsa in 
1923. In effect, the crude gasoline was introduced under 
pressure into a rectifying column where it exi^anded. The most 
volatile material was introduced near the top, and as it expanded 
the temperature was lowered; there was thus a temperature 
gradient down the column and into a receiver connected with the 
bottom of the column. The receiver was provided with a steam 
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coil. The stabilised gasoline was withdrawn from this vessel 
and the propane left the column at the top. To illustrate the 
effect of propane on vapour pressure the folloi/ir.g table 
(Burrell) may be quoted : — 

TABLE II 


Propiinc c(jht(‘nl 

Vupoiir pressure 

I.B.P. 

FB.P. 

Dist. 

bv wcM^ht 

:il lOO'^F (U). sq. in.) 

"F. 

°F 

loss 

0 

13 

67 

266 

9 

2 

16.5 

64 

264 

13.5 


18 5 

61 

263 

19 

4 

21 

57 

262 

zi 

.S 

23 5 

53 

261 

25.5 


The Rafferty stabiliser was a definite improvement in the uiili- 
salion of natural gasoline^ so much so, that at the present time 
stabilised gasoline has been put forward seriously as a complete 
motor fuel, i c., entirely independent of any blending whatsoeve 

A typical modern stabilising plant consists essentially of a 
fractionating tower (a well-lagged, bubble cap column) with three 
points of enir/ at different levels. The latent heat of evaporation 
is used to maintain a very low tempepture at the top, whilst 
steam heating gives a thermostatically controlled temperature of 
60"F at the bottom. The normal absorbtion gasoline that ha^ 
been condensed under 30 lb. pressure is introduced near the 
bottom of the top section, containing fifteen bubble decks. The 
vapours from the stock tank, accumulator tanks and from the 
top of the stabiliser are collected and compressed to 50 lb. and, 
after cooling, the condensate is injected into the middle of the 
column The “wildest" gasoline is injected on to the fourth plate 
from the top and the temperature due to its evaporation is about 
— 15“F. Pressure and temperature are automatically controlled. 

The De Bray Stabiliser 

This plant consists of a very efficient bubble plate fractionating 
tower, with a closed-steam heated boiler at the bottom and beat 
exchange equipment — all built to withstand 250 lb. per sq. in. 
pressure. A reflux condenser is incorporated in the top of the 
tower. The tower is 4 ft. diameter, 30 ft. high, and contains 26 
bubble plates with inlet connections to each of the bottom ten 
plates. The high-pressure accumulator is a long cylinder contain- 
ing the wild ' product ; it has a float level control which operates 
the feed valve ^ the tower. The feed passes through two 
exchangers, where its temperature is raised to 150°F. It is 
injected on to the fourth plate from the bottom. The boiler has 
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a temperature controller operating the closed steam supply and 
is kept ^t 230°F. This hot stable product passes away through 
the exchangers and final coolers and is trapped to the make-tank, 
from which by level control it is fed to storage. The temperature at 
the top of the tower is UX3°F., and the vapours pass into a reflux 
condenser having its cold water supply controlled by the tempera- 
ture of the refluxed liquid, keeping the latter at 80° F. The 
vapour, leaving the reflux at 80°F., passes through a pressure 
controller which maintains a pressure of 185 lb. per sq. in. on the 
whole apparatus. This pressure is somctimi^s as high as 200 lb., 
being controlled by the quality of product desired. 

Gregory’’ points out that high-pressure fractionation is usiiall) 
more desirable because the reflux temperature may generally be 
controlled more easily and more economically than with low- 
pressure fractionation. Moreover, the use of high pressure (and 
therefore of a higher temperature) eliminates the i)ossibilil> of 
the column freezing; this sometimes happens when a damp feed 
is charged to a low pressure column. 

The following table illustrates the effect of method of prepara- 
tion upon the composition of natural gas gasoline : — 

TABLE III 

ANAT.YSES OF GASOLINES (RAFl^ FRTY) 

Absorbtion Weathered 



gasoline 

for 

compres- 

sion 

Absorb- 

tion 

Absorb- 

tion 

Stabilised 

Const itujfnt. 

blending. 

gasoline. 

gasoline 

gasoline. 

gasol me. 


( 1 ; 

(2) 

(3) 

( 4 ) 

(5) . 

Ethane 

0 

1 

.1 

.0 

.0 

Propane 

5.0 

3 9 

3.2 

1 6 

0 0 

Butane 

.55 2 

21 8 

192 

14.8 

40 2 

I’eiitane and liiylier 
hydrocarbons 

42 8 

74 2 

77 2 

83.6 

.59 8 

Vajjoiir pressure, lb. 
per sq in. at ](X)"’F. 

25 

20 

16 

13 

13 


It will be seen from the above table that No. 5 is a well-stabilised 
gasoline that can be handled easily and shipped without blending. 
Furthermore, it is clear the jiresence of propane materially 
increases the vapour tension, whereas the presence of butane is 
not objectionable, normal and, in fact, desirable. At the present 
moment in many stabilising plants propane-free gasoline is being 
produced on a very large scale. 

VACUUM DISTILLATION OF LUBRICATING OILS 
Only quite recently has the possibility been considered of 
employing high vacua for the production of high-boiling, 
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luhricatinf^ oil tractions. The bulk of the lubricating oils made 
to-day from petroleum is still obtained by the use of sl^ll-stills, 
which are operated under reduced pressure with the aid of a very 
considerable quantity of steam. This procedure suffers from two 
main disadvantages. The first is the very low thermal efficiency. 
The second is that oils particularly liable to thermal decomposition 
?re held for prolonged periods in contact with hot metallic 
surfaces; in other words, every opportunity is given for d^ep- 
scated decomposition, with formation of coke and gas, andJ for 
the partial lireaking down of the heavy lubricating oil to lig^iter 
oil of lower viscosity. 

c 

Stkinsc'iinluder Process \ 

Steinschneider^- appears to have been the first actually to install 
plant for the manufacturing of mineral lubricating oil by 
distillation tincjer reduced pressure. The principle of his process 
consists in carrying out the distillation in two entirely distinct 
stages. When the raw material has been heated to the distilling 
temperature, the unsaturated hydrocarbons, the permanent gases 
and the lightest products which result therefrom are removed 
in the first phase; in the second phase the distillation of the 
desired products, the more saturated hydrocarbons, takes place 
in one or in several entirely separate apparatuses, the various 
products obtained being cooled and condensed separately in an 
appropriate cooling device. 

The raw material — crude oil, topped oil, residuum, etc. — 
circulates continuously between the distilling apparatus and a 
heating aj>paratus and is gradually heated to its end temperature 
each time it passes through the latter, and not once only. The 
lower the increase in temperature resulting from each individual 
passage of the liquid through the heating apparatus, the better 
can the separation of the decomposed products from the saturated 
hydrocarbons be effected, according to the difference in the 
boiling points, as the boiling point of the saturated constituents 
is higher than the boiling point of the unsaturated products which 
appear at the same distillation temperature. 

In the examples illustrated in the Figures 6 to 8 the process is 
carried out discorftinuously. 

F'ig. 6 shows the fundamental principle of an ordinary distillation 
with a still “S” which is not direct fired and a pipe-still "TS* 
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which is heated by a burner. By means of the circulation pump 
“CP*’ the liquid material is circulated between the still and the 
heated ^oi| until the raw material is distilled down to the 
concentration desired. 

Fig^. 7 shows the apparatus for the two-stage distillation. 

The liquid material circulates between the still “S,” the heated 
coil “TS” and the evaporator “E,” so that before entering the 
still “S” the liquid material passes the evaporator “E.” The 
pressure in the evaporator “E“ is so high, that only the permanent 



gases, the lightest fractions and the products of thermal decom- 
position escape owing to their boiling point. The liquid raw 
material, which is thus .stripped of the decomposed products in 
evaporation chamber “E,” then passes through the syphon “Sy“ 
to the distilling chamber “S,” which is not direct bred and in 
which the evaporation of the heavier fractions, i.c , the desired 
products, is effected owing to the lower pressure. The pressure 
difference between the apparatus “E” and “S” is maintained bv 
throttling the valve “V,” and the How of the liquid material fiom 
"E” to “S” is regulated automatically by s^jphon “Sy ” The 
apparatus may be adapted to work under vacuum by means of a 
two-stage or three-stage air pump by connecting the evaporator 
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“E" with the air pump, which produces the higher absolute 
pressure and the still "S” with the air pump, which produces the 
lowest absolute pressure. (, 

Fig. 8 is the scheme of a distilling plant similar to that of Fig. 
7, but operating under vacuum. The arrangement is made so 
flexible that the plant can work cither under an absolute pressure 
of 5 mm. without steam, or at a higher absolute pressure 



with steam, so that steam can be injected both into the evaporator 
and into the still. The plant is equipped with two barometric 
condensers, one foj the evaporator “E’* and another one for the 
still S. If steam is used in “E” and water is injected for 
cooling in both barometric condensers. In this case the two-stage 
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air pump "P2P3” is cut out, and the uncondensable gases are 
sucked jut of the two barometric condensers only by air pump 
“PI.” Wffen Steam is not used, the two-stage air pump “P2P3” 
sucks the uncondensable dry gases out of the barometric 
condenser “BC2” whilst the air pump “P2” draws off the uncon- 
densable gases from the barometric condenser "BCl!” When 
steam is injected only into the evaporator “E,” cooling water is 
only injected into the barometric condenser “BC'l." The exhaust 
of the air pump ‘'P2” is connected with the collector “A,” from 
which the air pump '‘PI” is sucking. By^this means the two- 
stage air pump works like a three-stage pump When distilling 
without steam the following absolute pressures are easily 
produced : in evaporator “E” an absolute pressure of 25 to 50 mm., 
in the still “S” an absolute pressure of 4 to 5 mm. But by 
distilling the same material with injection of steam, and with an 
absolute pre.ssurc of about 50 mm. a difference could not he de- 
tected 111 the quality of the distillates. This arrangeVnent renders it 
possible to operate at any, time with steam and a vacuum of about 
30 mm., or without steam and a vacuum down to 4 mm. The air 
pump “P2P3” for distilling with a vacuum lower than 25 mm. 
can be installed at any time if practical tests show that better 
results can be obtained by the use of this high vacuum. 

SciIULZh PROCKSSl^ 

The advantages and markedly different results obtained by dis- 
tilling lubricating oils at absolute pressure of 3 to 5 mm , as 
contrasted with former practice at 40 mm. or higher, appear to 
have been first shown, and the practicability of so operating 
industrially first demonstrated by Schulze. 

The effect on the boiling point of lowering the absolute pressure 
is much more pronounced, for a given difference in pressure, ai 
very low pressures than at moderate vacuum. A black oil dis- 
tilled by Schultze illustrates this (Table 4). 

TABLE IV. 

Absolute pressure Per cent, over at Initial b p of 

mm. H. 572‘’F (300'’C.). fraction ‘"F 

40 .10 4550 

25 50 4370 

15 68 ’ 4190 

5 94 364" 

The rapid lowering of boiling points with decrease of absolute 
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pressure, particularly at low pressures (below 40 mm.) is shown 



0 I 5 15 20 30 50 100 

Abs(jliite Pressure mm. of Mercury. 

Fig. 9. 


It is, of course, true that at absolute pressures as low as 3 mm. 
the oil vapours occupy a large volume, approximately 250 times 
the volume at atmospheric pressure, though this volume ratio is 
slightly reduced by the lower distillation temperatures resulting 
from the low pressure. In order to provide for this large vapour 
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volume and prevent the choking eflfect which would result from 
the usual still construction, Schullzc provides as many as ten 
vapour outfets, 10 in. diameter each, on each 10 by 30 ft. vacuum 
still. With this multiplicity of vapour outlets the still shows 
practically the same absolute pressure, within 1 mm., as shown by 
the manometers on the receivers and on the lines adjacent lo the 
vacuum pumps. These outlets dip slightly away from the still, 
considerable condensation being effected by air cooling before 
passing to the water-cooled condenser, which functions as much as 
a cooler as a condenser. Somewhat less tlia^ 1 per cent, of light, 
volatile, malodorous oil is taken off in a separate overhead line, 
leading to a separate condenser; this overhead vapouj- and gas line 
is directly connected to the vacuum puni]) The bulk of the dis- 
tillates How by gravity to a scries of receivers which are evacu- 
ated at the beginning of the run, the evacuation proceeding 
through the condensers and light overhead line to the vacuum 
pump The stills and all the lines are welded throughout. 

The vacuum pumps employed have been considerably improved 
to meet the requirements of this process. The power consumption 
is very small, two vacuum pumps being mounted on one base 
and driven by one 40-horse-power motor. Worthington “feather” 
valves are a noteworthy feature of these pumps, as is the general 
pumj) design, which practically eliminates dead air space.* 

Migh vacuum distillation is probably most advantageous in the 
case of waA-free oils because the absence of paraffin wax makes 
the production of finished lubricating oils in this way an excecd- 
ingly direct and simple process. Ciasoline and kerosene, if present, 
should be removed in a preliminary topping distillation, and, 
although some gas oil may be taken over in this way, care should 
be taken not to crack the oil. Very heavy crude oils are first 
dehydrated and charged into a vacuum still, the gas oil distilled 
under a moderate vacuum, and the vacuum then raised to the 
usual operating pressure. 

In this method of batch operation the still temperatures may 
reach 570” to 625”F., depending upon the properties of the oil 
and its resistance to cracking. The lubricating oil distillate thus 
obtained is emulsified with just sufficient concentrated caustic 
soda to combine with the naphthenic acids, and without separating 
the soaps the oil is redistilled at 3 to 5 mm., cutting the fractions 
according to the viscosity desired. These distillates are colour- 
stable and substantially odourless and tasteless without acid or 
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any other treatment. In order to remove moisture and brighten 
the distillates, the receivers are provided with closed steam pipes 
by which means the oil is heated to about 200” to '22^”C., and 
blown with air at this temperature until bright. No other refining 
treatment is necessary if the charging stock has not been pre- 
viously damaged by cracking and the distillation has been 
properly carried out. * 

One of the characteristics of lubricating distillates produced by 
high-vacuum distillation is that the cuts can be made quite farrow 
corresponding with a narrow range of boiling point and vijkosity. 
In the usual practice gas oil is produced by cracking of the\more 
valuable lubricating oils throughout the distillation period 1 It is 
the presence of these light decomposition products in ver)\ sub- 
stantial proportions which gives such distillates their pronounced 
odour and taste, makes them become discoloured on exposure to 
air, and necessitates the use of sulphuric acid, alkali, and usually 
fuller’s earth *to render them marketable. The troubles incident 
to the refining of lubricating oils with aoid, alkali, etc., are too well 
known to warrant comment. That the colour stability and other 
properties of the distillates produced by the Schulze process' are 
such that no acid is required to refine them has already been 
noted. This colour stability is also indicated by the fact that the 
final distillates can be heated to 250”F. and blown with air until 
bright without darkening in colour. The values reported for 
Conradson carbon and demulsification are also noteworthy. 


Usii OF Mkrcury Vapour for Heating Lubricating Oil 
Vacuum Stills 

An account is given by Klemgarcb"’ of a process (cf. Fig. 10) for 
producing lubricating oils by distillation, under a vacuum of 
10 mm. or less, in a battery of stills heated by means of mercury 
vapour. The entire mercury vapour system is maintained under 
a pressure of 8 to 10 lb. per sq. in. in excess of atmospheric. The 
boiler is so designed that liquid mercury enters the open tops of a 
series of vertical 4 in. steel tubes closed at the lower ends. The 
mercury vapour formed in these heated tubes passes into the 
upper part of the boiler and thence to a series of heat exchangers 
or evaporators, erfeh of which forms the base of a fractionating 
column. Partial condensation of mercury occurs in each hear 
exchanger, the condensed mercury being drawn off and returned 
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through a common line to the boiler. Topped crude oil (Smack- 
over crude oil is specially mentioned) is heated with 1 to 2 per 
cent. of^SC^per cent, aqueous sodium hydroxide in a shell-still and 
is then heated from 350" to 450"F. in heat exchangers. It now 
enters the lirst evaporator, i.e,, that most remote from the mercury 
boiler, where it undergoes partial vaporisation, the vapour rising 
into and being fractionated in 'the juperimposed column. The 
residue passes to the next evaporator and so on until the tenth 



Fig 10 

and last is reached Two or more adjacent columns arc sometimes 
joined at the top by horizontal headers, on which additional 
separators are placed. Lubricating oil fractions, which do not 
Ttquire further refining, are drawn from the base of these addi- 
tional separators, from the lop of which the vapour of unsatur- 
ated, volatile oils of foul odour (“stink ods”) forming about 
9 per cent, of the topped crude oil, are drawn off and carried to 
heat exchangers and condensers. The whole of the fractionating 
system is maintained at a pressure of, usually, 6 to 7 mm. It is 
claimed for this process that local overheating i^ avoided and close 
regulation of heating achieved, and that high viscosity oils of very 
pale colour are produced. 
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Z U S A MM E NFASS U N G 

Die inoderne Destillierblase bielcl vide Vorteile Unter rhesen ist wohl der 
wichtigsle die erhohte Warmeubergangsgesehwindigkeit, besonders wenn man 
es mit sc hwersiedenden Frodukten zu tun hat, die ziiiii Cracken iieigen, 
sobald sie ctwa aiif ilirc Siedeleinperatur (‘rwajint werden Weiterc Vorteile 
sind- (icidrangte liauarl, genngerer Stahl, iiifwand in der Konstruktion, leich- 
tercs Keparieren und geriiigere Kosten Die f'euersgefahr wird ebcnftills 
betrAchtlicdi vernngert Die moderne DeshllicTblase ist in Verbiiidung mit 
eincr sachgennass konstruierten braktionierungssauh* ausserst anpassungsfilhig. 
Ein fur einen bestimrnten Zwec'k gebautes Aggregat k.inn durch blosses 
Andern-'.ler Betnebsverhaltni.sse leic lit darauf umgestellt werden, ein versehie- 
denes Erzeugnis zu lieferii oder ein andeies Kohmatenal zii verarbeiten 

Von r^ropan befreites (.iasohn aiis Naturgas kann ohne erliebliehe Verluste 
behandelt werden Jbe Destination und Fraktionierung zwedis KnlleTiiung des 
Propans werden bei erhohtem Driake vorgenoimnen, wodurch die Nachteile 
des Arbeitens bei niedngen Teniperatiin*n wie z die (iefahr des Eintrierens 
vcrtnieden werden 

Nciie Fortsehntte im Ban voii Aiilagen liat die .Anwendung von verhaltnis- 
niilssig lioluni Vakiia (3 5 mm) beim Destillieren von Schmierol moglich 
gemacht. Aut diese Weise lassen sich Schmierole cihne ungebulirliches 
Cracken bereiten, die, um marktlahig zu sein, nur wenig -weitere 
Behandlung erfordern 

Fine interessante Methode der Destination von Schmierol bei vermindertem 
Druck wurde letzthin be.schneben, wobei die Warme unter leicht eihohtem 
Druck durch Quecksilberdampfe zugefiihrt wird 
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CHEMICAL REACTIONS INVOLVED IN THE REFINING OF 
LKiHT DISTILLATES 

At the present time petroleum is never used in the crude state in 
which it IS obtained from the well. Tlie wide range of volatility of 
its constituents renders the preparation of an almost infinite number 
of fractions possible by distillation. The cuts usually made in 
practice fall, however, into four main classes: gasolene, kerosene, 
heavy oils and pitch (residue). Although petroleums consist mainly 
of hydrocarbons, smaller quantities of other organic compounds 
containing sulphur, oxygen, or nitrogen are usually present as well 
as traces of inorganic substances*, the latter arc generally found in 
the ash or flue dust (e.g., vanadium) when the petroleum is burnt. 
On distillation the inorganic impurities remain in the residue, but 
the original organic sulphur-, oxygen- and nitrogen-containing con- 
stituents of the petroleum and the products of their thermal decom- 
position, being at least partly volatile, are distributed throughout 
the range of fractions. As these bodies are generally considered 
to impair the quality of the products it is usual to remove them or 
convert them into less objectionable substances. ^ 

* It IS very possible that certain inorganic constituents {e.^ . nickel and 
copper) arc present in the form of oil-soluble naphthenates. 

a2J 
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Modem petroleum products — distillates in particular — are in fact 
very highly refined. A fastidious and technically uneducated public 
asks for materials which are satisfactory in an t'esthqtid as well as 
a technical sense. This demand was initiated at least partly by the 
opening up of lields, chiefly in Pennsylvania, yielding petroleum 
which consisted almost entirely of liydrocarbons and which, there- 
fore, gave distillates of »anexceptionable odour and colour and, 
furthermore, of low sulphur content. The consumer w'as very 
readily pursuaded that these qualities were necessary, and that such 
distillates were better than others of higher sulphur content and 
less agreeable odoilt. When the oil industry exjianded into Ohio 
and Canada, oils of comjiaratively high sulphur content were en- 
counttMed;^^ to satisfy ]niblic demand and to meet competition new 
and costly methods* of dealing with sul])liur-containing oi\s had 
to be ado])led. 

A consideration of the qiiahtit‘s required of various products and 
the effect oC'yiossible impurities shows that some distinction should 
be inad(‘. Thus a motor spirit must be. non-corrosive and, c.specially 
for use in a closed car, of unobjectionable odour. It must not 
deposit gum in tlu^ carburettor or on the inlet valves, but cblour, 
when it does not arise from gum or gum-forming constituents, is of 
no real importance; this distinction is particularly significant when 
considering cracked gasolene made by cracking heavier oils (vida 
'infra). The jiresence of small quantities of .sulphur comjiounds 
which arc neither corrosive nor unyileasant in odour does not matter. 
An excessive content of sulyihur would be harmful because, although 
the products of combustion (sulphur dioxide and sulphur trioxide) 
do not have any injurious effect in the cylinder head, moisture is 
always ynesent in the crank-case, and the resulting acid solution 
formed from water and the sulphur oxides would be corrosive, 
particularly on standing.^ Tests on various sulphur derivatives 
have shown that they do not possess any pro-knock action. A 
motor spirit must be stable, i.e., it must retain its qualities on 
keeping. Like a motor spirit, kerosene for burning in lamps must 
be of pleasant odour, hence certain types of sulj:)hur compound must 
be absent. The permi.ssible content of sulphur is also restricted 
because sulphur causes bad burning, charring of the wick, and 
filming of the lamp gla.ss. As with a motor spirit, the colour of a 
kerosene is of sio importance unless it is due to the presence of 
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* The first of these was the Frasch process. 
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material which would char the wick. It is therefore evident that 
some discrimination may be made in deciding which qualities should 
determine llu# necessary degree of refining of petroleum products, 
and also that refining has been carried unnecessarily far in the past.* 
It IS obvious that excessive refining is wasteful. Sometimes it may 
be doubly .so. For example, if a cracked gasolene is refined by means 
of sulphuric acid to reduce the sulphut content, valuable anti- 
pinking constituents arc removed.* The lower the required sulidiur 
content of the refined oil, the more acid is needed and the greater 
is the lo.ss of valuable material. Hut the waste is not confined to 
the refining process. The finished cracked gasofene will have to be 
blended with benzene to bring the anti-knock power up to the same 
figure which it would have had after less drastic refiniifg.* Altei- 
nativel3^ the over-refined oil may bt' used as such, but its use will 
be restricted to engines of low'er compre.s.sion and therefore lower 
efficiency, in which tine petrol consumption w^ill be greater. It 
is not surprising that there is to-day a lendiuicy to cut down refining 
to the necessary minimum, j This is only made po.ssible bv reseaich 
into the mechani.sm of refining t)roce.s.ses and into the chemistry 
both of the oil itself and of the impurities which must be removed. 

LIQUID REFININfi AGENTS 

SODA-WASIIING 

Of the substances the pre.sence of which is undesirable in petroifeum 
distillates, sulphur and its derivatives are the most widespread and 
the most costly to remove. Sulphur occurs in the distillates m many 
different forms, which are of different ty])es and which react towards 
refining agents in different ways. 

A small piroportion of the sulphur occurs in the free or elementary 
state; t a comparatively^ large proportion is present ns hydrogen 
sulphide, while the remainder is in the form of organic derivatives 
of sulphur. The last are divi.sible into two clas.ses: (1) acidic, a 

* Egloff and Lowry suggest that since engine corrosion by sulphur acids is 
due to condensation of water in the crank-casc and is entirely a cold-weather 
phenomenon, the refining of motor spirits should be alteied in atcordame 
with climatic change Gasolene required for warm-weather usi — tlie greater 
part of the year's consumption — need not be desulpluirised, since corrosion 
does not can nr during the summer regardless of the sulphur coiiLent of the fuel. 

I Thus it has been estimated* that the loss in anti-knock value, when the 
cracked distillate from Californian irude oil, having a suljiliur content of ()‘9' 
per cent , is acid treated to reduce the sulphur content to 0 1 per cent., is 
approximately 17 per cent, of the anti-knock value obtained n.sing the mini- 
mum treatment to render the .spirit saleable There is aft additional 10 per 
cent loss of material when sufficient acid is used (30 Ib/bbl.) to bring the 
sulphur content down to 0 1 per cent 
J Generally resulting from aerial oxidation {vide infra) 
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property shared with hydrogen sulphide and due to the presence 
of the -SH group, and (2) neutral. The first includes mercaptans 
which, together with hydrogen sulphide, are mainly msponsible for 
the unpleasant odour of the unrefined distillates and for the positive 
reaction of the well-known “doctor” test (see below). The second 
class includes the organic sulphides and disulphides. 

Free sulphur cannot on any account be tolerated in a light distillate. 
In gasolene it is highly corrosive to metals, it causes kerosene to burn 
badly and to film the lamp glass, and in while spirit, which ife largely 
used for dry cleaning, it gives hydrogen sulphide on redisiillation, 
thus fouling the recovered solvent. The chief source of frecBulphur 
in light distillates is hydrogen sulphide, which undergoes ox,idation 
witli great ' readiness by the action either of atmospheric oxygen 
or of reagents commonly used in refining (such as sulphuric acid 
or hypochlorite). It is therefore evident that the complete removal 
of hydrogen sulphide must be eftected before the light distillate is 
further trea^id.* 

Hydrogen sulphide can be removed by water-washing. This is, 
however, too lengthy a process and requires too much water for 
general practice, it is therefore usual to employ sodium hydtoxide 
solution instead. Hydrogen sulphide is converted into sodium 
sulphide or sodium hydrogen sulphide (vide infra), either of which 
renrmins in the wash-liquors. Qualitatively the acidic organic 
sulphur derivatives, the mercaptans (RSH, where R is a hydro- 
carbon radicle), behave* like hydrogen sulphide. But, whereas 
the latter is dibasic and is a comparatively strong acid, the mer- 
captans are monobasic and are only weakly acidic.^ The sodium 
mercaptides are in fact readily hydrolysed by water; in other 
words, the reaction by which they are formed is reversible: 

RSH -f NaOH ^ RSNa + HgO. 

Consequently the removal of a mercaptan from petroleum by agita- 
tion with aqueous alkali is never complete; a balance is eventually 
attained between the concentration of mercaptan (as free mer- 
captan) in the oil and the concentration of mercaptan (present 
largely as alkali mercaptide) in the aqueous solution. Moreover, the 
acidity of the mercaptans (the ease of replacement of the acidic 
hydrogen atom by a metal) rapidly falls off as the molecular weight 
of the hydrocarbon radicle, R, is increased. This is well brought 
out in the following table. 

• If plumbite is to be used, a previous treatment with soda effects an economy 
in lead. 
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• 

Compound. 

Boiling 

point. 

Percentage removed from 
petroleum solution by same 
quantity of soda solution 
under identical conditions 

Hydrogen sulphide HjS 

Gas 

100 

Ethyl mercaptan Callj.SH 

, 39°C 

1 97 1 

^-Propyl 

„ C,H,.SH 

68 • 

88-8 

t so Propyl 

C,H, SH 

59 

1 87 2 

Butyl 

,, C4HaSH 

98 I 

! 63 2 

isoBulyl 


88 

62-8 

ISO Amyl 

CgHi, SH 

118 

' 33 0 


When discussing the difficulty of ejecting inercaptun removal 
from even a light distillate by soda washing this tijble is highly 
instructive. Consider the highest mercaptan examined, /.soamyl 
mercaptan. It has a boiling point of 118X. and under the condi- 
tions of the experiment (which are comparable with the usual works 
practice when batch-washing) only 33 per cent, was removed. It 
is unusual for more than 50 per cent., say, of a distillate which is to 
be soda-washed to be volatile at 1 18”, so that there is 50 per cent, 
of higher boiling material. If the mercaptans were evenly distri- 
buted there would likewise be 50 per cent, of mercaptans even less 
readily removable by soda than isoamyl mercaptan. The actual 
figure is probably even higher as shown by the figures for distribu- 
tion of sulphur. It follows that the complete removal of "acidic 
bodies by soda washing alone is almost impossible; by the batch 
process, the attainment of equilibrium between mercaptan in the oil 
and mercaptan in the soda makes complete removal absolutely 
impossible. Nevertheless, even by the batch process hydrogen 
sulphide can be entirely eliminated by soda-washing; stress must 
be laid on this in view of the necessity for removing hydrogen 
sulphide prior to any subsequent process involving oxidation. 

With efficient mixing the balance represented by the reversible 
equation 

RSH -h NaOH ^ RSNa -h H^O 

is rapidly attained. A multiplicity of washes is, therefore, of advan- 
tage; the even greater benefit of the continuous, counter-current 
method, in soda-washing, is at once evident. 

The effect of concentration of soda upon mercaptan removal is 
considerable and rather surprising. Mayer and Smith of the Anglo- 
Persian Oil Company (private communication), hsTve shown recently 
that a given weight of sodium hydroxide will remove more of a given 
mercaptan from a standard solution in petroleum the greater the 
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dilution at which it is used. The explanation given of this relation- 
ship, which is true only when the weight of alkali is great compared 
with the total mercaptan present, is as follows. When a(:.mercaptan 
is added to aqueous sodium hydroxide, or when a sodium mercaptide 
is dissolved in water, the following equilibrium is set up: 

RSH + NaOH RSNa + Ufi. 

• 

If water is added to this system the equilibrium is displaced to the 
left, that is, more sodium mercaptide is hydrolysed with production 
of free mercaptan. But if, for example, the system consisting of 
water, sodium hydrcf<ide, sodium mercaptide and mercapmn is 
diluted to twice its volume, the quantity of free mercaptan in the 
aqueous solution will not be doubled, but will only be increased by 
some lesser factor. Thus the concentration of free mercaptan ii^ the 
diluted aqueous solution will be less. But if the aqueous solution 
containing (amongst other substances) mercaptan is in contact with 
a petroleum solution also containing mercaptan, there is a constant 
partition coefficient, i.e., 

Cone. RSH oil 

. = K, 

Cone. RSH water 

and this partition coefficient is dependent purely on the solubility 
of the mercaptan in the oil and in the water, and is entirely inde- 
pendent t)f the presence of other materials. If, therefore, the 
aqueous solution is diluted and the concentration of free mercaptan 
therein decreased, more mercaptan must pass from the oil to the 
water to maintain the constant partition. That is to say, the 
efficiency of a given weight of sodium hydroxide for removing a 
mercaptan from petroleum solution is greater the less the concen- 
tration at which it is employed. 

Besides its acidic character there is another property of the .SH 
group which has an important bearing on soda-washing. Com- 
pounds containing this group readily undergo oxidation ; thus 
hydrogen sulphide is oxidised to elementary sulphur, and mercap- 
tans to organic disulphides. Oxidation may be brought about by 
atmospheric oxygen or by free sulphur; in the oxidation of mer- 
captans the latter agent is particularly effective in the presence of 
aqueous soda. Free sulphur can only be removed from the oil with 
difficulty. Since, therefore, it is produced from hydrogen sulphide 
with great readings by aerial oxidation, it is of the highest import- 
ance that unrefined light distillates should be soda-washed as soon 
after production as possible and that until this is done contact with 
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the air should be avoided. Distillates should, therefore, be washed 
at the worm end. 

The aerial pxidation of mercaptans is probably slight, but oxidation 
undoubtedly occurs in the soda solution during soda- washing 
through the agency of alkali polysulphides. These are formed 
from elementary sulphur in the imrefined oil and sodium sulphide 
(derived from hydrogen sulphide). The products of oxidation, 
disulphides, are neutral substances which, being insoluble in soda, 
return to the petroleum during the soda treatment. If desulphurisa- 
tion is aimed at, this return of sulphur to the oil as disulphide entails 
a heavier subsequent treatment. The forrilation of disulphides 
depends, as indicated, on the elementary sulphur in the unrefined 
distillate. Wc have here, then, an additional reasorf for avoiding 
the production of free sulphur, by atmospheric oxidation of hydrogen 
sulphide, as far as possible. 

A comi)arison of the boiling points of the mercaptans and of the 
disulphides derived from them shows how distilliition following 
soda- washing reduces the sulphur content of the gasolene. 

Mercaptan Boiling point. Boiling point of Disulpliide. 



X 

"C 

Ethyl 

. . 39 

152 

t5oPropyl 

. 59 

175 

tsoButyl 

. 88 

220 


Owing to their comparatively high boiling points the disulphides 
are left in the residue as they are outside the boiling range of the 
distillate, although the parent mercaptans fall well within that 
range. 

The "'spent soda” leaving the washers is yellow' in colour and has 
an odour of mercaptans. Owing to the presence of alkali poly- 
sulphides it IS difficult to reclaim and is therefore allowed to pass 
into the effluent. 

It is obvious that a great economy would be effected by using lime 
instead of sodium hydroxide. There is, apparently, no reason why 
this should not be done; at least one large refinery is now using 
lime in place of soda for the washing of light distillates throughout 
the refining process. 

Sodium Sulphide Washing 

Mention has already been made of the fact that sodium sulphide 
solution reacts with free sulphur in petroleum solution to give 
sodium polysulphides. Use has actually been made of this reaction 
to remove elementary sulphur from petroleum distillates. 
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Further action of hydrogen sulphide on sodium sulphide solution 
results in the formation of sodium hydrogen sulphide: 

Na^S + HjS = 2 NaSH 

Air-blowing reverses the above reaction (owing to the volatility of 
hydrogen, sulphide) with regeneration of a solution of sodium mono- 
sulphide, which may be agfiin fcr reacting with hydrogen sulphide. 
Sodium sulphide solution (spent soda) has been employed in this 
way to remove h 3 ^drogen sulphide from natural gas (Mayer and 
Smith) . 

Sodium Carbon ate^" 

Sodium carbonate solution can be employed to wash oildl when 
acid substances only liave to be neutralised. Thus it can b^ used 
after the acid-washing of straight-run distillates to remove Waces 
of acid and after sulphur dioxide treatment to remove the last traces 
of sulphur dioxide left in the oil. It is particularly useful for 
cracked distillates, as it does not cause much polymerisation. 

The Pi.VMHiTh Process 

In this process, which is used for sweetening "sour” oils* a solution 
of sodium plumbite (“doctor” .solution) is employed: this is! pre- 
pared by dissolving litharge in aqueous sodium hydroxide. The 
term “sour” implies the possession of a disagreeable odour or of 
reactudty to “doctor” solution; the “doctor” test is more sensitive 
than the simpler test of odour. 

The commonest cause of sourness is hydrogen sulphide, which 
reacts with sodium plumbite to give lead sulphide. The use of 
plumbite solution for removing hydrogen sulphide is, however, 
unnecessary and wasteful, since a complete removal may be effected 
by soda- washing {q.v.). For this reason, a distillate which contains 
hydrogen sulphide should always be treated with soda previous to 
plumbite treatment. 

Sourness is also caused by mercaptans, the reaction between a 
mercaptan and sodium plumbitcf leading to the formation of lead 
mercaptide. 

2 RSH -f Na^PbOa = (RS )2 Pb + 2 NaOH. 

The lead mercaptide may be j’^ellow to red in colour according to the 
hydrocarbon radicle R; the lower, lighter coloured lead mercaptides 

• Plumbite treatmAit also removes alkyl sulphates as lead sulphate in the 
sweetening of acid-troated cracked distillates.* 

I The solubility of mercaptans in caustic soda solution is of considerable 
importance in bringing the plumbite and mercaptans into contact. 
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are precipitated in the aqueous layer (the precipitate is known 
technical^ as a "rag”), while the higher members of the series are 
soluble in the oil, to which a red colour is imparted (the colour 
reaction of “doctor” solution with a mercaptan is, of course, masked 
if hydrogen sulphide is present in any quantity). Thus the action 
of sodium plumbite alone results in a partial desulphurisation, lowet 
mercaptans being removed as a precipitate whilst the higher mer- 
captans remain in the oil as oil-soluble lead mercaptides. The 
latter must, of course, be removed. This is accomplished by the 
addition of free sulphur when the following reaction occurs: 

RS^ RS* 

Pb + S = PbS H- I 

RS" rS 

Black lead sulphide is precipitated and a disulphide is formed 
which remains in or passes back into the oil 7 By this process 
sweetening is therefore completed, since disulphides are not reactive 
to plumbite solution; practically no desulphurisatioij occurs, how- 
ever. What little desulphurisation takes place is due to adsorption 
of sulphur compounds (prbbably disulphides) on the precipitated 
lead sulphide. Free sulphur already present in the oil being treated 
wiU obviously enter into the above reaction with lead mercaptide.* 
The evils* attendant upon elementary sulphur in refined oils make 
it obvious that great care must be exercised in adding free sulphur 
to complete the doctor reaction; the addition is usually made by 
means of a standard solution of sulphur in a portion of the oil to 
be treated. * 

Since sweetening is accomplished but not desulphurisation, if a 
product of low sulphur content is required the plumbite process 
must be followed by some other treatment (e.g., acid washing). The 
recovery of lead from the sludge from plumbite refining has been 
accomplished by treating with spent acid (acid tar) from sulphuric 
acid refining, removing the aqueous sludge containing lead sulphate 
from the separated oil, and treating the lead sulphate with caustic 
soda whereby sodium sulphate and sodium plumbite are produced. 
Instead of treating with acid sludge, conversion of the lead sulphide 
into lead sulphate by air blowing at an elevated temperature has 
been largely employed. 

Lead Sulphide Refining 

An interesting development of the plumbite process has been 

• Some distillates contain sufficient free sulphur. The addition of low 
boiling mercaptans together with "doctor” solution has been suggested as a 
means of removing free sulphur. 
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recently described.® A suspension of lead sulphide in aqueous 
caustic soda is used. The strength of the caustic soda 
solution may be from lO'^-25'’Be, and is preferably about 20®Be. 
The oil to be treated and the suspension of lead sulphide 
in caustic soda are mixed and air-blown. Mercaptans become 
adsorbed on the lead sulphide, and undergo aerial oxidation to 
disulphides. The action is thus one ol sweetening, no material 
desiilphurisation being effected. The action of lead suljjihidc is 
mostly catalytic, although A. small amount is converted to i:jlumbite 
by tJie air introduc^‘d. The catalytic action is destroyedlby the 
}>rcsence of small amounts of .sodium sulphide. Sulphurs a.ssists 
111 the sweetening but is not required. 

HVPOI HLOKT'IK PkOC 1 SS 

The hypochlorite process is used principally for the desulphurisa- 
tion or "sweetening” of light distillates, although it has been used 
for refining wax 

The {iTocess con.sists in washing the .distillate with an aqueous 
alkali or alkaline earth hypochlorite solution under controlled 
conditions, this treatment being followed by a small soda wash to 
remoA'e traces of hypochlorous acid, etc., dissolved in the oil. It 
is e.ssential that the hypochlorite solution should contain sufficient 
free alkali to stabilise it, but insufficient to retard appreciably the 
interaction of* the hypochlorite and the objectionable sulphur com- 
jiounds of the oil. The reason for this was obscure when the hypo- 
chlorite process was evolved, much work on this subject has since 
been carried out with illuminating re.sults 

Calcium and sodium hypochlorites are readily prepared by passing 
chlorine into well agitated milk of lime or caustic .soda solution. 
At first it would appear difficult to regulate the alkali content as 
the later stage of the ab.sorption proceeds, but the men engaged in 
this operation become exceedingly proficient, a pink colour, due 
to the oxidation of manganese salts to permanganates, generally 
develops when the preparation of the calcium salt is nearing com- 
pletion. The freshly prepared solutions arc roughly 2N and are 
diluted to a working strength of 0.2-0.3N; the calcium salt is 
idlowed to settle before dilution. The free alkali content of the 
diluted “reactive” reagent is equal or equivalent to 0.5-1. 0 gm. 
caustic soda per litre. Calcium hypochlorite can also be prepared 
Irom bleaching powder. 

An investigation of the products formed by the interaction of 
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hypochlorites and sulphur compounds showed that the following 
substances were produced. 

* Reaction Piodncts 

Sulphur compound Sol. in oil. Sol. in water Insoluble. 


Hydrogen sulphide 
Ethyl Mercaptan 


isoPropyl mercaptan 


t.s'oButyl mi'rcaptan 


Elhyl sulphide 
w-IVopvl sulphide 
liolhityl sulphide 
t so Amyl sulphide 
^Pentamethvlene sulphide 
Dielliyl disulphide 

7 so Amyl suljihoxide 
Diethyl suljiljone 
Thiophene 


(Sulphur) Sulphuric acid Sulphur 

Ethyl disulphide .. (trace) 

Ethane sulphonjc 
, acid 

li'ol’ropyl • Sulphuric acid (trace) — 

disulphide 7i*iPropane disulphide 

snlphonic acid 

is'oButyl • Sulphui ic acid (trace) — 

disulphide z.so Butane sulphonu 

I'jpid 

— Ethyl sulphoiie — 

(w- Propyl sulyihone) i/-I*ropyl sulphoiu' 

i.voHiityl siilphone 

?.soAmyl sulphoiie (isoAmyl su^houe) 

siilphone 

J^>thanesulphonK acul — 

SulpluirK acid 

/ so Amyl siilphone (/io \myl snlphoni') — 

no action 
no aclioii 


The substances in brackets are fairly .soluble in the layer under 
which the}' appear 

The results may be summarised, as follows 

(1) Whereas fiydrogen sulphide, mercaptan.s and disulphides all 
leact to give at least .some acid products, no acid products are 
formed trom sulphides or sulphoxides. 

(2) Thiophene and sulphones do not react un(l(;r tlie conditions 
emplyyed. 

(3) Increa.se in molecular weight of the sulphur compound (a) de- 
crea.ses the rate of oxidation — dihsoamyl disulphide hardly 
reacts at all — and {h) decreases the .solubility of the neutral 
oxidation products which become increasingly soluble in the 
oil layer. 

(4) Increase m the free alkali content of the hypochlorite decreases 
the rate of reaction considerably, and conversely. 

(5) Dilution of the hypochlorite increases the rate of reaction. 

The first point is of great importance, because the acid products 

neutralise the free alkali of the reagent as they are formed and thus 
progressively render the hypochlorite more reactive. Conse- 
quently, if insufficient alkali is originally present the aqueous solution 
may actually become acid, when there will be a tendency for chlori- 
nation to occur. As it was confirmed that the addition of free alkali 
stabilises the hypochlorite, the explanation of the narrow limits 

* The pentamethylene sulphide was isolated from acid tar from Persian 
kerosene. 


651 



LIQUID FUELS 


for alkali content necessary in large scale operations becomes clear. 
The retarding influence of free alkali, and the accelerating effect 
of dilution, are convincingly explained, on the assumpti^,n that the 
active oxidising agent is not sodium hypochlorite, but free hypo- 
chlorous acid produced by reversible hydrolysis: 

Il20^ 

NaOCl + h! 0 ‘ NaOH + HOCl 

\ 

N.iH() I 

Oil this assumption, added sodium hydroxide will displace the 
equilibrium to the left, dilution will move it to the right, and,\in 
accordance with the observed facts, the solution will be stabilised 
or activated, fespectively. 

In considering the oxidation of sulphur compounds by hy] 
chlorite, it is convenient to commence with the action of sodium 
hypochlorite on sulphides. The latter (provided the hypochlorite 
is sufliciently active when a higher member of the sulphide series 
is being dealt with) art' quantitatively oxidised to sulphones. No 
traces of* any intermediate compounds appear to be formed and 
hypochlorite is without further action on the resulting sulphones^ 
Four atoms of available chlorine are absorbed for each sulphur atom! 
oxidised The alkalinity of the hypochlorite does not change 
appreciably during the reaction. The lower sulphones are more 
soluble ill wat(‘T than in light petroleum and are found chiefly in the 
spent aqueous Reagent. With increase in molecular weight the 
resulting sulphone tends to remain in the oil, being more soluble 
therein than in water, the sulphur content of the oil therefore 
(mains unaltered. Thus although diethyl sulphone is practically 
niroluble in petroleum and readily soluble in water, the reverse is 
true of dirsoamyl sulphone. Sulphones are very high boiling and 
are left as residues if gasolene containing them is distilled. Sul- 
hones of intermediate molecular weight, c.g., dipropyl and di- 
5obutyl sulphones, can be gradually removed from the petroleum 
layer by water washing. 

The rate of oxidation of sulphides, particularly the lower members, 
" is only slightly affected by the alkalinity of the hypochlorite. The 
effect is A^ery small, large quantities of free alkali being required to 
prevent the oxidation occurring within a comparatively few 
minutes. 

The primary oxidation products from a disulphide, unlike those 
from a sulphide, are acidic, i.e., the sulphonic acid together with a 
smaller quantity of sulphuric acid; these appear in the aqueous 
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layer as their sodium salts. The formation of sulphuric acid is 
surprising; since sulphonic acids are not further attacked, it must 
be formed directly from the disulphide. The gradual neutralisation 
of the frec*alkali by the acidic products makes it necessary, in 
descnbing the effect of alkalinity on the reaction, to distinguish 
between two somewhat different cases (1) The free alkali present 
is more than equivalent to the total jiossible acid products, tlie 
reagent will then always remain alkaline. (2) The free alkali is less 
than equivalent to the total possible acid products; if the reaction 
is continued long enough the reagent will become acidic The 
reaction under the first condition may be described as the normal 
one. Plotting atoms of available chlorine absorbed per atom of 
sulphur originally present as diethyl disulphide againi^t time, curves 
are obtained of which (i) for a strongly alkaline and (ii) for a weakly 
alkaline solution are typical. The influence of the added alkali 
hydroxide is very marked. If, however, the alkalinity of the reagent 
is so cho.sen that it falls into the second class, the additional com- 
plication causes the absorption-time curve to assume quite a 
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different form (iii) . The initial part of the reaction takes the normal 
course until the acidic primary products have completely neutralised 
the free alkali present; at that point (*) there occurs a very rapid 
absorption of available chlorine which continues until the sulphur 
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compound is entirely removed from the petroleum solution, the 
reaction then tails off and, finally, a slow spontaneous decom- 
position of the residual dilute acid hypochlorite continues to take 
place. A considerable evolution of heat occurs at and immediately 
after the point in the reaction marked (*); the oxidation at this stage 
is so rapid l^at it is impossible to isolate any intermediate com- 
pounds. ^ • 

Although the reaction is considerably slowed up by the addition 
of even a little alkali, it is interesting to note that even 20 per/ cent, 
of sodium hydroxide does not completely inhibit the oxidation. 

The apparent course of the reaction between sodium hypochlorite 
and a mercaptan depends greatly upon the alkalinity of the fomer. 
The first actipn, as stated above, leads simultaneously to the foi\ma- 
tion of the sulphonic acid, sulphuric acid and the disulphide; \the 
last-named, if the reagent is sufficiently active, is destroyed as it is 
formed and the acids, as their sodium salts, are the only products. 
But with a more stable solution of hyp)ochlorite a much slower 
decomposition* of the disulphide occurs and this substance then 
appears* as the chief product, accompanied by smaller quantities 
of the acids which have been formed, for the most part, by direct 
oxidation of the mercaptan. The first part of the reaction, in which 
the mercaptan itself takes part, does not appear to be greatly 
affected by the alkalinity of the reagent, whilst the factors which 
influence the destruction of the resulting disulphide are those which 
.govern the normal interaction of this type of compound with sodium 
hypochlorite. The oxidation may be represented diagmmmatically 
thus; 

-- H2SO4 ^ 

RSH ^ R2S2 

RSO3H ^ 

As stated above, by the action of sodium hypochlorite on hydrogen 
sulphide, sulphur and traces of sulphuric acid are produced. , Part 
of the sulphur becomes dissolved in the oil; this emphasises the 
necessity for a preliminary soda-wash on any distillate which is 
likely to contain h^^drogen sulphide and which is to be h3^pochlorited. 
Since sulphur is not attacked by hypochlorite solutions the sulphuric 
acid must be formed directly from the hydrogen sulphide. 

It was found that thiophenes were not attacked by sodium hypo- 
chlorite, at least not under the conditions employed. 

Alkaline Hypochlorite Treatment 

The hypochlorite solutions employed for desulphurisation are 
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prepared in such a form that, although highly reactive, they are not 
sufficiently unstable to decompose and cause chlorination. At one 
stage in*tl^ development of the process, \"arious methods were 
actual^ employed to reduce the alkali content during the treatment, 
thus increasing the activity of the reagent and reducing the time 
of treatment. It was found that the reduction could be effectg.d 
by the addition of salts of such nu'tals ts iron, copjier,* etc., as well 
as by passing flue gases into the washer. The process was, however, 
risky and was abandoned. Hypochlorites have also been used for 
treating paraffin wax, the treatment being carried out slightly above 
the melting pioint of the wax. The application of the hypochlorite 
(lesuljihurisation process to cracked spirits reduced the stability 
of the finished products and caused a certain amount rtf chlorination 
or more probably chlorhydrin formation. It was found that this 
difficulty could be avoided provided the hypochlorite jirocess was 
only ased to sweeten and not to desulphurise conijiletely.^® Com- 
X3lete dcsulphurisation is unnecessary for it is usuaj to treat with 
acid to polymerise reactive bodies pre.sent in the oil, and the acid 
can be used to effect befth polymiaisation and desulphurisation. 
It follows from the explanations given above of the mc'chanism of 
the process that if sufficient alkali is jiresent the oxidation by the 
hypochlorites can be limited mainly to mercaiitans although, of 
course, some of the other sulxihur comiiounds are attacked to a 
slight extent. In other words, the hyxiochlonte piocesses’ can be 
made comi^arable with the plumbite jirocess anef used to effect 
sweetening *of cracked sjiirit. At the same time the addition of 
alkali reduces the free hyiiochlorous acid content and therefore 
reduces the chlorhydrin formation. When used for sweetening 
cracked distillates it is ajiplied before the acid treatment The 
alkaline hypochlorite treatment has now been further developed 
and is used for .sweetening straight-run spirits which it is not intended 
to desulphurise. Only sufficient hypochlorite is used to effect this 
sweetening, thus limiting the action to mercaptans and economising 
in hypochlorite. 

The hypochlorite process has several advantages over the plumbite 
process for sweetening; of these the most important is that there 
IS no lead sludge to be recovered, the comjiletely spent hypochlorite 
being passed directly into the effluent. 

Acid Washing • 

Acid washing is employed to (a) reduce sulphur content, (b) remove 

* The use of copper hypochlorite was patented in America 
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basic substances {e.g., nitrogenous bases such as exist in Californian 
petroleum, (c) polymerise the more reactive gum-forming substances 
present in unrefined cracked spirit or unrefined kerosene.* 

The action of sulphuric acid in reducing the sulphur* content of 
light distillates is mainly physical, the sulphur compounds being 
dissolved awing to their greater solubility in the acid, but oxidation 
and sulphonation also ocepr. Thus Wood, Sheeley and Trusty* 
have .shown that mercaptans arc readily oxidised by 98 per cent, 
acid, although acid of lower ^concentration has no oxidising action. 
The sulphur dioxide formed simultaneously from the acid must be 
removed from solution in the oil by soda-washing after the \ acid 
treatment. Fuming sulphuric acid (20 per cent. SO3) has an even 
greater oxidisng effect, chiefly of course because it does nox so 
soon fall below the concentration (66 per cent.) at which the acid 
becomes ineffective, h'or a .similar reason the solvent action is 
also greater, with increasing dilution of the acid the solvent action 
decreases, and practically ceases when the concentration falls to 
about 70 per cent. It is chiefly for this reason that distillates to 
be acid treated are generally given a preliminary treatment with a 
small quantity of acid or of spent acid from a previous batch. 
Sulphuric acid treatment, thereiore, lends itself particularly well 
to counter-current washing. 

Although sulphuric acid oxidises a mercaptan mainly to the 
disulphrtle as shown by Wood, Lowy and Faraghcr,^^ a certain 
amount of the disulphoxide is formed and probably the sulphonic 
acid; traces of compounds are also formed which appifrently give 
free sulphur by thermal decomposition, since copper sulphide is 
formed on heating with copper (the authors hope to publish their 
work on this subject at an early date). 

Free sulphur is formed by the oxidising action of sulphuric acid 
•on hydrogen sulphide; it is therefore essential that the latter should 
be removed previous to acid treatment. Sulphuric acid has no 
action upon free sulphur in petroleum solution. 

Sulphuric acid exerts a solvent action on sulphides, either open- 
chain or cyclic (“thiophanes"), although according to Wood, Lowy 
and F''aragher slight oxidation occurs. The solvent action is very 
pronounced, quite a small volume of 98 per cent, acid being sufficient 
to effect a complete extraction of the lower sulphides. Youtz 
and Perkins, however, found that although alkyl sulphides 
and more particulaily those of low molecular weight or secondary 
sulphide are readily removed, the higher sulphides, e.g., diphenyl or 
dibenzyl sulphides, are much less readily extracted. Fuming 
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sulphuric acid exerts an even greater solvent action. Sulphoxides 
and sulphones (probably also disulphides) are similarly removed 
unchan^ecj by the purely solvent action of the acid. Any of these • 
substances may be recovered by diluting the acid, a convenient 
method of isolation adopted, for example, by Thierry.^® 

The solvent action of sulphuric acid on disulphides is much Ifess 
marked than with sulphides. Xfie soK-^ent action decreases rapidly 
with dilution of the acid and with increasing molecular weight of 
the disulphide. The oxidising action is slightly greater than with 
sulphides (Wood, Lowy and Faragher).^^ Free sulphur is not 
formed by the action of sulphuric acid on eifher sulphides or disul- 
phides. 

Thiophene and its derivatives arc fairly easily removed by sulphuric 
acid. According to Wood, Lowy and Faraghcr'^ the desulphurising 
action of the acid on solutions containing thiophene is due to the 
formation of the thiophene sulphonic acids, although some oxidation 
occurs as shown by the formation of sulphur dioxide. From the 
work of these authors it would appear that the action is chiefly 
sulphonation, but in view of the results of Youtz and Perkins^^^ 
found that both trimethyl- and t^tramethylthiophene are removed 
by the acid, this theory must be modilied. It is, therefore, probable 
that desulphurisation is due to both chemical and physical action. 
Sulphuric acid has a similar action upon phenols, should .these be 
present in a petroleum distillate; sulphonation occurs, the resulting 
sulphonic acid being dissolved in the acid layer. 

During the removal of sulphur compounds by acid washing a 
certain quantity of aromatic hydrocarbons is also removed. The 
authors have found that on diluting “acid tar '^^ from the acid 
treatment of kerosene the oil produced was highly aromatic. It 
is of interest that these hydrocarbons were present in the tar as 
such and not as the sulphonic acids. The solvent action may have 
been due to (i) sulphonic acids, which would remain in the aqueous 
layer on diluting the tar, (ii) sulphur dioxide, or (lii) organic sulphur 
compounds in the tar. That sulphonation of aromatic hydro- 
carbons may be brought about by .98 per cent, acid is shown by the 
presence of diphenyl sulphone in “benzol," which has been acid 
treated; 

C«He + H2SO4 ^ CeHsSOaH 

C,H. + C^H^SO^H ^ C,H,SO, GbH,. 

It was probably for this reason that the present authors found 
that after removing the sulphur compounds (by means of sulphuric 
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acid) from the oil produced on diluting "acid tar" the sulphur 
content of the residual oil could not be further reduced. 


The action of sulphuric acid in removing basic substances from 
petroleum is a solvent one. following salt formation. Sulphonation 
or oxidation are unlikely to occur. 

The action* of sulphuric acid m removing sulphur compounds, etc., 
may be summarised as follo’^i^s* 

Product m tul Product in acid 


(■om})(jund layer 

Mercajitan K SH (traces of unstable 

sulphur compound?) 
Hydrogen sulphide Hjis r S 

Sulphide RjS — 

IJisuliihide R2S2 

rinojihene — 

Sulphur S S 

Sulphoxide RjSd — 

Sulphonc RaSfJj - - 

Alkyl sulphate R2SO4 — 


layer / 

RiS^CJa. (RSOaHf), 


RaJ^ 

R2S2 

CJiaS.SOaH 

RjSO 

R^SOa 

R^SO* 


Bases as sulphate. 

( partly as phenol, 

Phenols *" partly as sulphonic 

I acid. 

Untreated distillates containing unsatufated hydrocarbons tend, 
on storage, to develoj) a peculiarly unpleasant "rancid" odour, gq off 
colour and eventually deposit an oil-insoluble viscous gum. This 
action IS accelerated by light and air. Very little is actually known 
of the processes involved, although both oxidation and polymerisa- 
tion play an important part. As these gums arc not volatile they 
are deposited in the intake system of the engine, in which the spirit 
containing them is burnt, and they become converted into carbon- 
aceous material by the heat. Similarly kerosenes containing gum- 
forming substances char the wick very rapidly and burn badly. 
It is therefore essential either to remove or considerably lessen the 
formation of gum. In practice this is generally carried out by 
polymerising the more ea.sily polymerisable constituents. 

Sulphuric acid is one of the cheapest and most convenient poly- 
merising agents known. It has been used for some years for the 
refining of cracked gasolene and for many years for refining kero- 
senes containing imsaturated hydrocarbons. Owing to the redistil- 
lation process which it necessitates, as well as the losses in the form 
of polymers, it is a wasteful refining agent for gasolenes. It has, 
however, many advantages. 

Although for many years chemists have studied the action of 
sulphuric acid on olefines, particularly the lower members, very 
little is yet known of the actual mechanism of the polymerisation 
process. 
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Until the work of Brooks and Humphrey^® was published, the 
generally accepted view of the refining action of the acid on cracked 
spirits ^as that the olefines were polymerised to tars, sulpho-acids 
formed aifd the olefines completely removed. Actually, of course, 
only a fraction of the olefines are polymerised. The results obtained 
by these authors can be summari.sed as follows. 

(a) The principal results of aeid tieatment are polymerisation, 
formation of secondary and tertiary alcohols and mono- and di-alkyl 
esters. None of the simple olefines gjve tars with the concentrated 
acid at 15 ”C. 

(b) The tendency to polymcTi.se increases ^ith increasing mole- 
cular weight. 

(c) The j)olymtTisation products formed ate more i^table than the 
parent olefines and arc generally found dissolved in the oil layer. 
A polymer formed from two molecules of a mono-olefine only 
contains one double bond. 

{e) Uiolefines form tars. 

The accepted theory for the mechanism of polymerisation, that 
a molecule of the acid aikyl ester and one of inisaturated hydro- 
carbon react with elimination of the acid molecule, is not borne out 
by the results obtained by Norris and Joubert.'® These authors 
working with the five po.ssible pentenes found that polymerisation 
takes place with four of the five more readily when the acid ester 
is not formed, and that it probably results from the removal of 
water from the alcohol first produced. Four aniyfencs were found 
to pass completely into solution either as alcohol or ester before 
polymerisation commenced. The formation of the dimeride from 
trimethylethylene is explained as follows; 

C3H5 (CH3)2 C (OH) + H . C (CH3) C (CHa)^ 

H OH 

= C2H5 (CU,), C.C (CH3) = C (CH,), + 2H3O 

When a secondary alcohol is formed bp?^ the action of the acid, more 
concentrated acid is required to bring about polymerisation than if 
a tertiary alcohol is formed. This is not surprising, as tertiary 
alcohols are more easily formed and decomposed than the corre- 
sponding secondary alcohols. 

The extent to which polymerisation occurs is largely dependent on 
the concentration of acid employed, concentnated acid giving a 
higher polymeride than acid of lower concentration. 

Although acid treatment followed by distillation reduces the 
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gum-formation and increases stability, it does not render the oil 
completely stable. 

Cracked distillates produced under comparatively mild conditions 
are more easily refined than those produced by drastic cracking. 
Thus liquid-phase cracked distillates can be refined by a small acid 
treatment followed by redistillation to remove the high boiling 
products which would changQ, the final boiling point; vapour-phase 
cracked products, however, react almost explosively with small 
quantities of acid and the looses through polymerisation are /enor- 
mous. This difference is due mainly to the larger proportilpn of 
reactiv e olefines in the latter product as well as the higher diolefine 
content. \ 

Diolefincs polymerise very much more rapidly than mono-olefines 
and the polymerisation proceeds to a great extent. They We, 
moreover, readily polymensed by dilute acid. Thus, when cracked 
gasolene containing diolefines is treated with acid, they are at 
once polymerised with the more reactive mono-olefines and are 
left behind on distillation.* 

It is generally considered that this removal of diolefines is neces- 
sary because these substances are supposed to be the cause of 
gumming in an unrefined or badly refined cracked spirit, either 
when the sjiirit is kept or when it comes in contact with the hot inlet 
valve stems of an engine. The fact that such gum formation ad- 
mittedly occurs makes it es.sential that the most reactive constitu- 
ents of an unre’fined cracked distillate should be removed. It is, 
however, by no means certain that diolefincs are the sole or even 
the main cause of polymerisation, since many of the low boiling 
individual substances of this class do not undergo polymerisation 
with any particular ease on keeping (c3/c/opentadiene is one of the 
exceptions). Actually conjugated diolefines, when they are present, 
form a highly valuable part of a cracked spirit. Thus both buta- 
diene and ay dimethylbutadienef are very effective anti-detonating 
agents, both being definitely more effective than the same proportion 
of benzene. This, of course, explains to a large extent the fall in 
anti-detonating qualities when vapour-phase cracked distillates 
axe acid treated, although the removal of certain mono-olefines (such 
as tri- and tetramethylethylene) by polymerisation also has this 
effect. The quite common supposition that the pol5anerides of 
olefines act as pro-knock agents is fallacious. Thus, the dimeride 

* Although the higher boiling polymers are left behind on distillation, the 
lower boiling polymers pass into the distillate. 

I Diallyl produces comparatively little effect. 
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of trimethylethylene obtained by the action of acid has almost the 
same anti-detonating action as benzene. It is evident that acid 
treatmenf of cracked distillates is a wasteful procedure, since not 
only is material lost, but the H.U.C.R. of the refined oil, and there- 
fore its value, are lowered. 

As indicated above, besides causing polymerisation, sulj^iiuric aci(J 
reacts additively with olefines fdrmir^ij alcohols, alkyl-sulphuric 
acids or their esters. Alkyl-sulphuric acids remain in the acid layer, 
but the esters are partly dissolved in tl^e spirit and become decom- 
posed when this is redistilled; in the presence of steam hydrolysis 
occurs with formation of free acids which are highly corrosive. This 
shortens the life of the plant. It is therefore essential that a cracked 
distillate which has been acid treated should receivt^ a thorough 
water wash and soda treatment to hydrolyse and remove alkyl- 
sulphuric esters. 

Quite recently it has been found that polymerisation may be con- 
siderably reduced and solvent action upon sulphur compounds 
substantially retained by the use of 98 per cent, sulphuric acid at 
comparatively low tempct-aturcs (Halloran^’ suggests 15°F. as 
suitable). The acid tar produced is said to be light in colour and 
quite fluid. 

CUPRAMMONIUM SULPHATE^® 

This reagent has been used in aqueous solution by the Houston 
Oil Company, of Texas, for the refining of cracked distillates. It is 
prepared by adding caustic soda to copper sulphate solution until 
all the copper is precipitated as hydroxide. This is redissolved by 
adding ammonia, the resulting "blue solution" then being ready 
for use. It is claimed that this solution is capable of removing 
mercaptans and disulphides as well as acetylenes and diolefines. 
Although the removal of the mercaptans and acetylene as mer- 
captides and acetylides respectively is understandable, it is not clear 
how this solution can react with either diolefines or disulphides. 
It is stated that ammoniacal silver solutions act in a similar manner. 

Liquid Sulphur Dioxide — ^Edeleanu Process 

Aromatic or unsaturated hydrocarbons are much more soluble in 
liquid sulphur dioxide than are paraffins or cyc/oparaffins. Thus, 
benzene, toluene, the xylenes and mesitylene are completely miscible 
with liquid sulphur dioxide at — 10°C. whilst pentane, hexane, octane, 
nonane and decane are practically insoluble aft —18°, the lower 
members being soluble to about 1-8 per cent, at —10°. Amylenes 
are completely miscible at —10° or —18°, cyc^oHexane is insoluble 
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at —18°, and soluble to the extent of 3 per cent, in an equal volume 
of sulphur dioxide at — 4-5"; the higher naphthanes are less soluble.^® 
It has been shown by de Casli^° that compounds are ac1;ua]fly formed 
between sulphur dioxide and toluene, mesitylene, i/r-cumene, ethyl- 
benzene, cymene or tetrahydronaphthalene, which no doubt ac- 
counts for the bright yellow colour which is at once produced when 
sulphur dioxide is mixed with ‘kerosene; it is, however, probable 
that the action of the sulphur dioxide is mostly one of physical 
solution. , I 

Edeleanu ha.s developed a refining prricess based upon theie facts, 
which was designed" in the first place to remove the unsaturated 
and aromatic constituents that cause Roumanian kerosene tip burn 
with a smoky fianu'. Kerosene, for example, is agitated mth an 
equal volunu* of liquid sulphur dioxide at 15°h". After settling, the 
lower layer ol sulphur dioxide containing the more soluble con- 
stituents ol the kerosene is withdrawn and the sul])hur dioxide 
distilled olf b>; the application of heat under reduced piressure. The 
upper la>'er consisting of th(t less soluble constituents of the kerosene 
contains some sulphur dioxide, from which it is freed m a similar 
manner. Care must be taken to exclude moisture, which leids to 
corrosion of the plant. The sulphur dioxide is condensed and used 
again. 

The degree of separation obtained is determined by the tempera- 
ture at which the operation is carried out. This is due to the 
miscibility of\he paraffins and liquid sulphur dioxide, which de- 
creases with decrease in temperature. Thus in the neighbourhood 
of - 80"C. the separation is so good that the process can be used to 
estimate aromatic hydrocarbons; such low temperatures are, of 
course, impracticable on the large scale and the operation is usually 
carried out between 15° and 30°F. At these temperatures the 
separation is far from complete, the aromatic hydrocarbons in the 
sulphur dioxide layer exerting a considerable solvent action upon 
the non-aromatic h 5 "drocarbons, whilst the sulphur dioxide in the 
latter tends to re-extract the aromatic hydrocarbons from the 
sulphur dioxide. Nevertheless the dissolved portion of the oil 
contains a large part of the original aromatic constituents: valuable 
anti-detonating material may, therefore, be obtained from it by 
topping and cracking the remainder. 

Sulphur compounds are also extracted by the sulphur dioxide, but 
again the separation is by no means complete. This extraction is 
purely physical, no evidence existing for the formation of sulphur 
compound — sulphur dioxide compounds. 
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The process does not lend itself to the treatment <d gasolene owing 
to the difficulty of separating the low lx)iling constituents from 
the sulphuir dioxide. 

SOLID REFINING ACtENTS 
The Frasch Process 

In this process, probably one of tl^e earliest rehning processes 
devised, but now practically obsolete, the vapour of the distillate 
to be treated was passed over heated cojiper oxide. The latter 
acts, at least partl 3 ^ as an oxidising agent, after use it may be 
regenerated by heating in a current of air.» The reagent has no 
appreciable action on free .sulphur, carbon disul])hid(‘, sulphoxides, 
sulphones, thiophene, alkyl-sulphides or alkyl-divilphides. Its 
sweetening influence is due partl}^ to its action on hydrogen sulphide, 
but more to its effect* on mercaptans. A copper mercaptide is 
formed primarily, this reaction no doubt explaining the effectiveness 
of the Frasch process on Ohio and Canadian oils. By more pro- 
longed action, the copper mercaptide reacts with more cupric oxide* 
giving cuprous oxide aiiid the alkyl-disulphide. Aceex'ding to 
Wood, Lowy and Faragher^^ .solid copjier mercajilide undergoes 
thermal decomposition, giving cupfic sulphide and the alkylsnljihidc. 
These authors also ]X)int out that copper mcrcajit ides are in general 
less soluble in petroleum distillates than the corresponding lead 
mercaptides. • 

Anhydrous Aluminium and Zinc Chlorides®’ 

Anhydrous metallic chlorides are used mainly as polymerising 
agents for the treatment of cracked distillates. Aluminium, and 
probably to a lesser extent zinc chloride, also exert a desulphurising 
action. Thus Youtz and Perkins found that when naphtha solutions 
containing various sulphur compounds were gently refluxed (roughly 
120°C.) with a limited amount of aluminium chloride, all the com- 
pounds tried reacted to a greater or les.ser extent On distillation, 
further reaction takes place probably owing to the higher tempera- 
tures involved. It is pos.sible that compounds are found with the 
aluminium chloride and that on further heating the.se are decom- 
posed. It was found that, although ethyl sulphide was little affected 
by the treatment, the disulphide was very thoroughly decomposed 
with the formation of some hydrogen sulphide and a considerable 
quantity of mercaptan; after distillation all the sulphur remaining 
was removed by plumbite, giving a yellow precipitate only, i.e., no 
hydrogen sulphide was present. A very striking difference was 
found between the behaviour of N-scc-heptyl sulphide and the 
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N-heptyl sulphide, the latter being very little affected even on 
distillation, whereas the former decomposed on refluxing. Nearly 
all the compounds were completely decomposed by larger amounts 
of aluminium chloride. 

Apart from its desulphurising action, aluminium chloride is a 
very energetic polymerising age^t for unsaturated hydrocarbons, 
even at ordinary temperatures. 

Thus A.schan obtained naphthenic hydrocarbons, such a^ cyclo- 
hexane, by treating amylenes with the anhydrous cliloride. iNaph- 
thenic acids are als^ polymerised. Aluminium chloride is also 
very effective in removing colour, and oils refined with it are ex- 
tremely resist^ t to aerial oxidation. Zinc chloride has recently 
found favour for the refining of vapour phase cracked gasolene. It 
is a milder polymerising agent than aluminium chloride, and is 
generally employed deposited on pumice (from alcoholic solution) 
at a temperature of 150°C. 

Bauxite 

Bauxite, which is a naturally occurring fod-m of hydrated aluminium 
oxide, is generally employed to remove colour or sulphur from light 
petroleum distillates, particularly kerosene. It is, however, also 
used for decolourising wax which is filtered hot. It is generally 
used in a coarsely-powdered form (70 to 80 per cent, passing through 
a 30 to ^0 mesh), which is particularly suitable for filtration. Pre- 
vious to use it ii» heated to between 400° and 500°C. and allowed to 
cool; after use it may be recovered indefinitely, the onlj^ loss being 
due to disintegration. Heated to temperatures over 600° it loses 
its adsorptive power. Although cold filtration, for example, at 
— 10°C., gives better sulphur adsorption than between 50° and 100°C., 
it is usually employed while still warm. The reason for this is that 
it is essential not to keep bauxite too long after roasting as it rapidly 
absorbs moisture from the air and loses its adsorptive power. If 
kept in a dry atmosphere it can be stored indefinitely after roasting. 
When the oil comes in contact with the bauxite the heat of wetting 
is considerable; in fact if the bauxite is heated and allowed to cool 
in a vacuum the heat of wetting is so great that cracking may 
actually occur. Adsorption of colour takes place more rapidly 
than-sulphur removal, the removal of the latter being due both to 
adsorption and oxidation. Thus Remfry has found that the 
sweetening effect of bauxite is in part due to the oxidation of the 
mercaptans to compounds of higher molecular weight {i.e., disul- 
phides) by the air occluded in the bauxite; the latter are then 
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removed by adsorption. As low boiling sulphur compounds cannot 
be easily removed by adsorption, the oxidation explains the desul- 
phurisiiffe action of bauxite. Chowdhury and Bagchi,®^ working with 
aluminium gel (water content 6 per cent.) activated by igniting 
aluminium hydroxide at 350 to 400°, found that compounds con- 
taining sulphur in an oxidised form were more readily adsorbed, ai)d 
that absorption could be rendered moie complete by a preliminary 
oxidation by the passage of air in the presence of alumina gel. 
Free sulphur is not removed. The colour adsorption continues for 
some considerable time after the sweetening action has ceased. 
Wood, Sheeley and Trusty* have worked With aluminium oxide 
roasted at 1,000°C., but they do not state the form of oxide em- 
ployed. This temperature is well above that employ»d for bauxite, 
which would be rendered useless by such treatment. These authors 
found that the oxide used partly removed /.soamyl mercaptan and 
dimethyl sulphate but had little or no effect on free sulphur, hydro- 
gen sulphide, carbon disulphide, thiophene, -butyl sulphide, 
w-propyl disulphide, diphenyl sulphoxide, methyl ^-toluenesulpho- 
nate or w-butyl sulphone?. Besides removing colour and sulphur 
compounds bauxite has been used to effect polymerisation in much 
the same way that fuller's earth is used. Remfry found that 
cracked* spirits could be refined by redistillation after filtration 
through bauxite, the high boiling polymerides being left behind. 

Silica Gkl 

Silica gel is similarly employed for desulphurising and sweetening 
sour distillates. It also removes colour. Although Wood, Sheeley 
and Trusty® attribute the sweetening action to the ease with which 
silica gel adsorbs mercaptans, it is highly probable that it is very 
similar in action to bauxite, sulphur compounds being removed by 
a combination of adsorption and oxidation. The same authors 
obtained more favourable results with silica gel than with alumina, 
but as the most effective type of alumina, that is properly roasted 
bauxite, was not used for their tests, the results cannot be con- 
sidered when comparing bauxite and silica gel. Youtz and Perkins^® 
found that of the sulphur compounds examined by them the higher 
substituted thiophenes were the least easily removed. 

Fuller’s Earth and Floridin 

Both fuller’s earth and floridin are used to remove colour from 
petroleum distillates. Before use they are hoated between 250° 
and 300° to remove excessive moisture. When cold they are used 
in the same way as bauxite, that is, the oil is allowed to filter through 
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a thickness of the material until the colour adsorption drops below 
a predetermined figure. 

Wood, Shecley and Trusty® found that fuller’s earth ^at' ordinary 
temperatures po.ssesscd no sweetening action, but that it was capable 
of adsorbing sulphur compounds of fairly high molecular weight. 
'Dius it removed dimethyl sulphate, methyl />-toluenesulphonate, 
diphenyl sulphuxide and iJ-ibutyi sulphone from naphtha solution 
more readily than the specimen of alumina tested. Like bauxite, 
fuller’s earth is incapable o( removing free sulphur. The fefining 
action of both fuller’s earth and floridin is therefore pitobably 
entirely physical. * \ 

Besides being used as filtration media, both fuller’s eartih and 
flondin are u^ed as vapour-phase refining agents for cracked distil- 
lates owing to their mild polymerising action. The vapour of the 
oil to be refined is passed over the heated adsorbent at such a tem- 
perature that no condensation occurs, i.e., just above the end-point 
of the distillate, generally about 200''C. Under these conditions 
the more reactive olefines and, if present, di-olefines are polymerised 
and separate out as high boiling generally viscous liquids, while 
the more stable vapour passes on and is condensed. The process 
has the adv^antage that the vapours from the dephlegmator of the 
cracking plant can be passed through the refining agent without 
condensation and re-vaporising. Some refiners prefer to treat the 
cracked distillates with acid before passing them through the 
adsorbent earth, in which case sulphur dioxide is generally formed 
and must be removed by wa.shing with sodium carbonate to prevent 
further polymerisation. The sulphur dioxide is undoubtedly due 
to the decomposition of alkylsulphuric acids and esters. 

Youtz and Perkins'^ carried out a few experiments to test the 
desulphurising action of fuller’s earth on the vapours of solutions 
containing sulphur compounds. The tests were carried out at 
400°C. Their results were inconclusive but indicated that ordinary 
sulphides arc ea.sily removed, disulphides and secondary sulphides 
less readily, and thiophenes much less readily removed. 

From the fact that the condensates from all the solutions tested 
were sour, it appears that decomposition besides adsorption takes 
plac^. This is, however, not surprising in view of the recent work 
by Faraghcr, Morrell and Comay who have found that the lower 
sulphides, disulphides and mercaptans are all decomposed when 
passed through a silica tube at 496°C. The results of these authors 
can be summarised as follows: 
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Ethyl disulphide ... 
M-Propyl disiiJl^hidc 

Ethyl sulphide 
/soAmyl mercaptan 
Thiophene .. 


Decom position Products . 

Sulphur, hydrogen sulphide, ethyl mercaptan, 
sulphide (probably ethyl), thiophene and hydro- 
carbons 

Sulphur, hydrogen .sulphide, iz-propyl mercap- 
tan, sulphide (probably propyl), thiophene de- 
rivative (probably 3 -1 dimethyll hiophene) and 

hydrocarbons 

Hydrogen sulphide, mercaptan ahd hyclrot 
carbons i , 

Sulphur, hydiogcn sulphide .ind hydrocarbons 
(no thiophene or sulphide). 

Unatfected. 
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ZUSAMMENFASSUNG 

Unter dem Druck der offentlichcn Nachfrage werden die l^etroleumprodukte, 
und insbesondere die Icichteren DcsLillate, feiner ralfinicrt als djcs vom reinen 
NutzliclikeiLastandpunkt aus orforderlich ware Hicnn licgl eine Ver- 
schwendung an Zeit imd Material Es besteht dalier heutzutage das wciL ver- 
breitelc Beslrcben, den Begufl des Kathnierens eincr Revision zu unterzicheii 
und die Verarbeitung aul das notvveydige MindesLmass zu beschrknken 
Unter diescin (iesichtswinkel wnd eiiie Anzalil moderner Verfahren betraclilct. 
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An exhaustive study of the composition of petroleum offers 
great difficulties on account of its extreme complexity and the 
inactive nature of the hydrocarbons of which it is composed In 
spite of numerous investigations carried out throughout the world, 
there i's still little accurate data concerning the composition of 
the principal petroleums and none concerning those of secondary 
importance. 

Among the Russian scientists who have devoted themselves to 
the study of petroleum, Markovnikoff and Oglobin, Beilstein and 
Kurbatoff, Zelinsky, Kharichoff, Tikhvinsky, Gerr, Gourvitch and 
Sakhanoff must be mentioned. The results of their investigations 
have appeared both in book form and as articles in technical 
periodicals; from these a considerable amount of valuable data 
on the properties of many Russian petroleums have been obtained. 
There still remains, however, much to be done before the problem 
of the composition of petroleum is completely solved. Some of 
the difficulties encountered in an investigation of this kind can 
only be realised when the instance cited by Prof. L. G. Gourvitch 
is considered. Prof. Gourvitch stated that in order to obtain 
37 gm. of pure hexamethylene from 25 Kg. of Galician benzine 
nine months’ work was necessary. Hexamethylene has a com- 
paratively simple constitution — — so thai the work necessary 
to isolate any hydrocarbon containing say, thirty carbon atoms 
would be, if possible at all, enormous. 
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The petroleums from the principal Russian oil-fields, for instance, 
those from the Baku oil-fields, are generally classified as 
“naphthenic oils/’ as distinct from the American oils, for eii^ample, 
the Pennsylvanian oils, which arc referred to as “parafiffnic.” To 
classify Russian oils as naphthenic is only partly correct, for, 
although naphthenes predominate in the lightest fractions from 
the Baku oils, paraffin hydnfcarbfjns are also present. The con- 
verse IS true for corresponding fractions from the Pennsylvanian 
r ‘ 1 1 s § f 

According to American practice, oils are roughly divided intol 
three classes — {\) paraffin base oils; (2) asphaltic base oils; and 
(3) mixed base oils A Sakhanofif holds that such a classification, 
apart from its‘seeming simi)licit\', is the only possible and reason- 
able one because, of all the constituents of petroleum, only solid 
hydrocarbons (paraffins) and asphaltic substances can be isolated 
with any degree of accuracy Moreriver, the characteristic pro- 
perties of a ])etia.)leum are generally determined by the preponder- 
ance of one l\j)e of hydrocarbon When much wax is present 
m a crude oil, iiaratfins ])redominate m the light fractions, iu\d the 
heavy fractions contain largely hydrocarbons of low specific 
gravity. Similarly, asphaltic-base oils yield light fractions con- 
sisting, esseiiliall) , of najilithenes, and heavy fractions containing 
hydrocarbons of high specific gravity. Such a statement is not, 
of course, absol,utelv true; for example, it docs not apply to the 
crude oil of the Emba region (Dossor), which, from its,beht. "'our, 
cannot be included in either class. 

Crude Oil 

The pnnciiial Russian oil-fields, which lie on the flanks (he 
Caucasus mountains near the towns of Baku and Grozn) 
roiighl} to 97 per cent of the total Russian production, 
crude oils from these fields can, with few exceptions, be class 
as mixed-base oils. All contain wax, some in almost infinitesL 
cpiantilies ; and most have a considerable, sometimes very larg 
percentage of gummy and asjihaltic substances The low sulphui 
content, which is a valuable feature of all the Russian crude oils, 
irt most cases does not exceed a few tenths of one per cent. Most 
of thnn also possess a slight acidity, the maximum being 0.22 gm. 
per 100 c c. of petroleum. 

The percentage of* unsaturated hydrocarbons, as determined by 
the iodine value (Gubler-Valler) is likevvise small, the maximum 
iodine value not exceeding 6.8 to 7.8 for heavy petroleums, while 
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it is considerably lower for light petroleums. The percentage of 
aromatic hydrocarbons in all the Russian petroleums is extremely 
low. Most have a high content of gummy substances, as deter^ 
mined b}' the test with concentrated sulphuric acid, ranging 
from 10 to 30 per cent, for Baku crude oils. Surakhany crude 
oil (Baku) and that from the Emba region (Dossor) have the 
lowest percentages of asphaltic sjubstances so far determined, i e , 
5 to 8 per cent, and 4 to 5 per cent respectively 

Gasoline 

Russian oils contain in general a lower percentage of yaj^oliiie 
than coi responding American oils. While the Grozny oils have 
the highest content — up to 30 per cent at 2(KPC. — 
It ranges from 16 to 25 per cent, for Baku oils (Bibi-Eibat oils of 
low specific gravit)^). As these gasolines contain very little boiling 
below 100^'C, it is not possible to market the whole of the distillate 
boiling up to 200^^C. as gasoline, but, by the further development 
of the natural gas gasolii]e industry, together with introdpetion of 
cracking installations, it is expected that this difficulty will be 
overcome. At the present time,’ up to 6.5 per cent, of gasoline, 
with an end point of and containing 30 per cent boiling 

below lOO^^C., is recovered from the Baku crude oils; the (irozny 
oils yield up to 17 per cent, of gasoline, having an end ptant of 
17()'-’C. for the light product or of 20(.)'’C for thcshcav\ product. 

Russian gasolines, especially those from Baku oils, have a high 
anti-detonating value, owing to their composition, are negative to 
the ‘'doctor test/' and contain very small proportions of sulphur 
(less than 0.01 per cent); they, therefore, meet all the S[)ecitica- 
tions for this type of fuel The steady increase in their export 
year by year indicates the demand for this fuel The export tor 
the years 1924-1928 was as follows : — 

1,000 tons 

1924- 1925 ... ... ... ... 276.0 

1925- 1926 ... ... ... ... 406.3 

1926- 1927 599.4 

1927- 1928 ( from Oct. 1, 1927 to April 1, 1928) 286.4 

(irozny gasoline contains a large percentage of aromatic T:om- 
pounds, reaching in the fractions boiling up to, 100^ C. as much as 
4 per cent., in the fractions boiling from KX)'^ to 150°C. up to 
7 per cent , and in those boiling from 150^ to 2(X) 'C. up to 12 per 
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cent.; the anti-detonatin^r properties of this gasoline are depen- 
dent upon the content of aromatic hydrocarbons. The Baku 
gasolines, on the other hand, contain aromatic compounds in 
smaller proportions, and owe their anti-detonating vaFae to their 
high ccjiilent of naphthenic hydrocarbons. 

Kkuosenf*’ 

Kerosene is (jbtained in cjuSntilics varying up to 30 per cent, from 
the Baku criule oils and 17 to 18 per cent, from the Grozny oils. 
It is a good illiiininant and ts being exported abroad in gradually 
increasing quantities^ The \early export is given below ; — 


1,000 tons 

107.4-1925 ... 390.9 

1925- 1926 . . 305.5 

1926- 1927 • 438.3 

b'lrst half Near, 1927-1928 321.2 


Being practic#ill\ free from sulphur and aromatic compounds, 
this kerysene possesses high illuininatiyg power when burnt in 
properly designed lainiis. It is necessary that the lamps should be 
properl) designed, on account ai the predominance of napthcnic 
hydrocarbons, which require an increased supply of air. . Under 
these conditions it possesses a higher illuminating power than 
most of. (lie other grades of kerosene on the market. 

The followiiif^ formula has been found by A. N. Stepanoff, to 
give the feed of the lamp wick : — ^ 

H-li 

2dH=h Z 

where y the feed of the wick, 

H = the maximum rise of kerosene in the wick, 
h = the distance to the lop of wick above the kerosene level 
in the lamp, 

d = specific gravity of the kerosene, 
a = capillarity constant of the kerosene, 

Z = the internal friction of the kerosene. 

The specific gravity ranges from 0 820 to 0.826, and has little 
effecT on the burning of kerosene, even if taken in wider limits — 
0.760 to 0.860. .^merican kerosenes have a specific gravity 
ranging from 0.790 to 0.800 (Pennsylvanian), 0.805 to 0.819 
(Mid-Continental) and 0 823 to 0.833 (Californian). 
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The capillarity constant is approximately the same for all 
kerosenes (the variation from the average value of 30 dynes per 
cm.2 not '‘xceeding 10 per cent.). Its influence on the burning may 
be neglected. 

The internal friction considerably influences the burning, for. 
according to the Stepanoff formula, the quantity of -kerosene 
flowing up the wick is inversely proportional to the internal 
friction. The latter is approximately four to five times less 
for light kerosene fractions boiling from 260 to 270^C. than for 
the higher fractions, and it is therefore essential to keep the per- 
centage of high boiling fractions as low as is reasonably possible. 
The internal friction of the high boiling fractions for kerosene 
obtained from different petroleums varies with the source of the 
petroleum, the specific gravities and boiling points being the same. 
For example, the fraction of the (Grozny paraffmless petroleum 
boiling from 260 to 270^'C. has an internal friction equal to 0 0373 
at 23'^C , while that for the corresponding fraction of a paraffin 
base petroleum is only 0.0277. 

The aiiove properties of kerosene are given here in order to 
correct a wrung impression ; that is, that the lower the specific 
gravity of a kerO'.eiie the better its quality. Other more important 
factors than its gravity determine the value of kerosene as an 
illuminating material Again, the fact that one kerosene is 
darker in colour than another does not necessarily mean thjit the 
lighter kerosene will burn better. Both may burn equally well. 
It is, therefore, not safe to assume that because a kerosene is 
daik.r than another it must be less valuable for illuminating 
pur] loses. 

The iodine T'alue of Russian kerosene is very small (less than 1),, 
while the jiercentage of aroniatir hydrocarbons is insignificant. 

'J'he sulphur content is much lower than the American standards, 
which allow a sul])hur content of 0.10 to 0.12 iier cent. The 
IvLissian kerosenes, like the best Pennsylvanian kerosenes, have a 
maximum sulplnir content of 0.03 jier cent. 

The percentage of naphthenic and thionaphthcnlc acids or their 
salts is extremely small. As no wax is present in the export 
kerosene, no cloud is formed at low temperatures and it bunps- 
well. 

Lubricating Oils 

Russian lubricating oils have been well known for many years. 
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They are manufactured from special grades of Baku petroleums 
produced in the Balakhany-Sabunchy-Kamany fields, having the 
following characteristics : — Specific gravity 0.864 to 0.883i; Engler 
viscosity 3.81, 1^,„^2 51, !*!,„== 2.(K)7, h^^„=1.77,*'E-,f,= l-58; 
asphalt 12 to 18 per cent. ; Coiiradson coke test 0.8 to 1.1 ; acidity 
Ct.08 to 0 U ) ; iodine value 2 to 2 3 ; sulphur 0.09 to 0.1 ; wax nearly 
0 5 j)er cent. Idieir composition is as follows: — 

(iascjline, b.p. up to 150°C., 6 per cent. 

Kerosene, b ]) 1^0 to 275^^C , 30 to 32 per cent 
(kis oil, b.p 275 to 300''C.. 5 to 7 per cent. 

■ Residuunf, b p. above 30(r’C.. ca 55 to 60 per cent. 

The specific gravitv of the residue is 0 912 to 0 914; its flasih 
jioint ( Peiftkv-Martens) 153'’C' ; as]4ialt 24 i)er ccnt.\: 
viscosity lv,„^9; it does not solidify at 20^C. This residuuna 
is used as raw material for inanufacturing lubricating oils. 

The valuable i)roi)crties of the petroleums described above — 
low acidity, si^all sulphur content, low percentage of unsaturated 
hydrocarbons as well as w'ax — render Jt jiossible to prepare 
lubricating oils ranging from middle Vibricaling oils to bright 
cylinder oils from the residuum • They are obtained by distillation 
using a slight vacuum and introducing large quantities of super- 
heated steam ; the distillates need little treatment, (ireat diffi- 
culties, ^how'ever, are encountered in manufacturing steam-cylinder 
oils on accoui^ of the unsaturated nature of the hydrocarbons 
present. ^ 

The export of lubricating oils is given below : — 

1,000 tons 


1924- 1925 ... ... 102.4 

1925- 1926 ... ... 140.3 

1926- 1927 167.8 

First half year, 1927-1928 85 0 


( )nly three principal grades of bright lubricating oils are. ex- 
ported. V^arioLis blends of these serve to produce a great number 
of different lubricating oils suitable for most purposes. 
All blending is carried out in the special oil stores which serve 
the consumer directly. 

T|,e following properties render these lubricating oils particu- 
larly valuable : knv cold test, very slight acidity, low ash content 
and iodine value, •and low' emulsifying tendency. 

The physical constants, being well known, are not given here. 
By treatment of the above oils with fuming sulphuric acid and 
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suitable absorbents, excellent grades of white oils are produced, 
having no odour or taste. These, the so-called medicinal oils, 
are so liar only being manufactured for the home market. 

i 

Mazout 

Considerable quantities of fuel oil and gas oil are now exported 
from Russia. The steadily grooving export of these produefs 
can be seep from the following figures ; — 

1,000 tons 

1924- 1925 ... 426 

1925- 1926 ^461 

1926- 1927 ... ... 669 

First half year, 1927-1928 ... 415 1 

Only the best grades of mazout or residuum are exported. They 
have, as is v\ell kncjwn.A high heating value, and are characterised 
b} low viscosity, high flash point, low sulphur content and low 
acidity. 

^ * 

Hefore the war no paraffin wax was manufactured in Russia, 

but recently a large jilaift has been erected for this purpose in 
( irozny, with a capacity of 6,000 tpns per year. The manufacture 
of this product from (irozny petroleum presented a difficult 
problem, owing to the high percentage of asphaltic substances 
present, together with the fairly high viscosity of the paraffin- 
bearing fractions. This problem has, however, no^w been solved. 

Another industry which has been re-organised since the national- 
i.sation of t^e oil-fields is the manufacture of natural gas gasoline 
in the Baku and Grozny regions. The plants erected in these 
regions produce up to 35,000 tons of natural gas gasoline yearly. 
In connection with the recovery of gasoline from natural gas the 
introduction of the “Tikhvinsky Cycle” on a commercial scale 
must be mentioned. The principle of this process consists in the 
use of compressed natural gas for lifting oil in the wells instead of 
air. Casinghead gas from the well is returned to the gasoline 
plant (absorbtion or compression type) and then pumped by the 
compressor into the wxll ; during the lifting process the gas be- 
come enriched with gasoline and is returned to the gasoline plant. 
Thus a cycle is established, the excess of casinghead gas gradi^ally 
escaping from the well being removed, and the remainder circu- 
lated continuously through the system. The advantages of this 
process are the prevention of gasoline losses through escai>e of 
casinghead gas into the air, decreased quantities of emulsified oil, 
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and finally, no risk of explosions due to the compression of 
mixtures of gas and air. 

Satisfactory results have been obtained by absorbing the* gasoline 
from natural gas by means of ligroin, which is a product boiling 
approximately between 140 and 200^'C. This results in a finished 
piixture «f the natural gas gasoline, with hea\ier fractions of 
“straight-run” prnduct. Chving to the similarity of the constitu- 
tions of gasoline and hgroin, the absorbtion of the gasoline vapours 
is fairly complete; the adv^^ntage of this process is that it renders 
the recover}’ of gasoline from a solvent unnecessary, the mixture 
obtained being directly blended with “straight run” gasoline, \by 
which means the lacking intermediate fractions are added. 1 

lliitil recerttly, (he problem of the utilisation of the GrozViy 
Ijarariin-bearing residuum was perplexing. Wdieii, roughly, to 
per cent, of the petroleum has been taken off the residue contains 
all the wax and asphalt originally jiresent in the petroleum. On 
account of tUis wax and asiihalt the residuum sets at aiiproxi- 
mately Although the heating value is high, the transportation 

and the use of such a residuum in a colJ climate presents consider- 
able diflicultK's These have .been o\ercome in the following 
manner .- -Idle hut residuum is loaded into insulated tank cars 
fitted w’ith steam coils, as arc also the storage tanks and pipe lines. 
(iiven,gt)od insulation, it is thus possible to keep the residuum, 
loaded at, roughly', 9()“C., in a liquid stale for five days, despite 
adverse climatic conditions, allowing ample time fov transporta- 
tion. fn tile future it is hoped that by cracking, the easily decom- 
posed wax will he destroyed, thus producing a residuum oi greater 
Jluidity and low set-point. 

The present oil production of Russia has reached a total of 
11,5(K),(XK) tons of crude oil a year. A certain portion of this 
4)utput is used directly as fuel oil. 

Nearly 10 per cent of the total crude production of the Baku 
region, naiiicl}, the heavy Baku oils having low percentages of 
gasoline and kerosene, is not distilled, owdng to the inadequacy of 
the refineries. In the future, the capacity of the refineries will be 
increased sufficiently to cope with the increased production of 
cn*de oil, when the whole output will be run to the refineries. 
Investigations made recently in the Central Chemical Laboratory 
<jf Azneft ( Baku^ have shown that valuable lubricating oils can 
be manufactured from the heavy crude oils. 

A consideration of recent developments in American refining 
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methods shows that the Russian refineries are out of date, al- 
though this was not the case in the past, * During the period of 
European and civil wars, the refinery equipment did not undergo 
the necessary reconstruction. The cracking process, particularly, 
remained undeveloped. It is interesting to note that the con- 
tinuous distillation process was originally developed in Kussifi, 
afterwards being adopted in America. The principle of the 
process is well known ; the crude oil Hows through a battery of 
horizontal cylindrical stills jdaced (fn a grade, so that by the 
gradual heating of the crude, fractions are, obtaineil from each 
still, having progressively higher boiling points. Various products 
can be obtained by mixing the different distillates.^ 

The principle of the tube still was applied commercially by V. G. 
Shukoff forty vears i\go at a Uaku refinery then owned by 
Shibaeff & Co. In this tube still the crude oil is rapidly heated to 
a delmite temperature, which valorises all the fractions to be 
removed. The mixed vapours pass through a rovv of rectifying 
and fractionating towersi and are separated into the required 
fractions by a process of fractional condensation, thus giving 
benzine, kerosene, gas oil, etc. 

Shukoff s apparatus, which was in operation more than thirty 
years ago, is now’ dismantled on account of its age. An 
apparatus for the destructive distillation of crude oil wTis also 
devised and patented by ShukolT in 1890; the Scheme of the 
apparatus the same as that of Burton. ShukolT's apparatus 
was not commercially applied on account of the economical con- 
ditions which prevailed at that period — there was no demand for 
either “straight-run” or cracked benzine. 

The exportation of petroleum products has been retarded owing 
to transportation difficulties from the Baku and (bozny regions. 
Two ten-inch pipe lines are now under construction, (Uie from 
Baku to Batoum, the other from Grozny to Tuapse, where re- 
fineries capable of handling 4.5 millions of tons of the crude oil 
are being erected 

These new refineries will include the latest improvements in 
method and plant Considerable attention has been paid to dis- 
tillation to obviate the necessity of re-running products, fiius 
lowering fuel consumption, which it is estimated wall be as 
low as 1 per cent, by weight of the crude distilled, assuming 
the removal of 45 per cent, as distillates, and allowing for the 
generation of steam. This will be effected by the application of 
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the process of heat regeneration. Refining losses will be reduced 
to a minimum b)’ the use of closed systems. ^ 
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ZITSAMMENEASSXING 

Dcr liencht hefasst sich hauptsachlich mit den cbaraktenstischen Eigcn- 
schaftcii der verschiedenen aus Kussland aiisgefiilirten Pctroleumprodukte. 
Die beideii wichtigsten Koholc, von denen diese Produkte gewonnen.werden, 
namlicJi die Ole von Baku imd von Grozny, werden besclirieben Beides sind 
Miscliole von ausserst genngem Schwefclgehalt, aber verhaltmsmassig reich 
an Asphalthestaiidteilcn. Hire tjasohn-E'raktionen sind in den weniger hohen 
Siede.stufen minderw^ertig. .sodass niirem Teil der bis binauf zu 200X siedenden 
Destillate als Ciasolin verkauft werden kann. Das Baku-Ciasolm ist zufolge 
semes liohen Naphten-Gehaltes als (.egcnkiiallnuttel wertvoll ; das Grozny- 
Gafolin besitzt ahnhehe Eigenschaften infoige der Anwesenbeit von aromati- 
schen Kohlenwasserstoffcn Die Kerosin-Praktionen beider Rohole brennen 
gut und haben cine f;ute Leuchikraft. Infoige der enthaltenen Kohlenwasser- 
stoflart benotigen sie cine grosscre Luftzufuhr als die nieisteii andern Kerosme. 
Der Scliwefelgehalt ist sehr iiiedrig und mit cRjmjemgen der pennsylvanischen 
Kerosme vergleichbar. Anhand einer von Steplianoff aufgestellten Formel 

678 



RUSSIA: RUSSIAN OILS 


wird gezeigt, dass das spezifische Gewicht wenig Einfluss auf die Breanbarkeit 
der Kerosine hat, dass hingegen die innere Reibung ein bei weitem wichtigerer 
Faktor ist. Diese ist bei hoher siedendcn P'raktioneii viel hcjher als bei nie- 
driger sie^enden. Es wird ebenfalls auf die llnmoghchkeit hingewiesen, 
Kerosine nac^ der Farbung zu bcurteilen. Die nissischen Schmierole werden 
aus schweren Roholen gewonnen, die in der Ciegend von Balakhany-Sabunchy- 
Ramany vorkommen. Diese Schmierole sind so bekarmt, dass em^ Beschrei- 
bung nicht notig ist. Der grosste Toil der Ruckslkiide von Baku- und Grozny- 
Ol findet als Breniiol Verwendung . infolge*der ungeniigendeii Leistimgs- 
fahigkeit der Raffinerien wird selbst Rohol zum Teil zu dieseni Zweeke ver- 
wendet. Der ho he Wachsgehalt der Greeny- Ruckslaiide gestaltet den 
Transport schwierig . dies ist nunmehr behoben worden durch den Gebrauch 
von isolierten und mit Damptheizung ausgerusteten fcichalterwagen.^ Bis vot 
kurzem wurde keiii I^arattinwachs m Russland hergestellt. doch ist jetzt cine 
Anlage gebaut worden, die cine jahrliche IVoduktion von f) 01)0 t ennoglicht. 
Das Problem der Herstellung von Wachs aus den Grozny Kuokstanden, der 
bequemsten Quelle, bietet wegen ihres Gchaltes an Asphaltstoffcn bedeiiLende 
Schwicrigkciten. Diese Schwiengkeiten sind uberwiinden worden und man 
hofft, bald zur Ausfuhr von Wachs sehreiten zl konnen Der (iewiimiing von 
Gasolm aus Krdgas, sowie dem Crackeii, wird nach langei V ernachlassigung 
wiedcr erhohte Aulmerlcsamkeit geschenki. • 

Die russichen Rafhnenc-Anla^en sind heutzutage veraltet, und dij? neuen, 
gegenwartig in Batum und Tuapse im Bau befindlichcn Kaltlnenen werden 
auf das aller moderns te ausgerustet wertlcn. 

Es wird angenommen, dass der Brennstottverbraucli bei ciner Destination 
von 45% weniger als P\, des destillicrten Roholes ausmachen wird. 

Die Beitrage russicher Chemiker und Ingeiiieure zum Wisseii uber das 
Petroleum und die RalTinieningsmcthoden werden erwahnt. 
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111 Sweden tliere arc abundant deposits of bituminous cambrosil- 
urian shale, which were used from the middle of the 17th century up 
to the end of the 19th as raw material for the preparation of alum 
on account of its richness in potash, alumina and iron • pyrites; 
for this reason it is generally called alum shale. Owing to its 
combustible constituents this shale has also been of importance, 
especially since*the end of the 18tli century, as a fuel for the burning 
of lime in districts rich in both shale and limestone, such as Vaster- 
gbtland, Narke, Ostergdtiand and the island of Olaiid. For the 
past fifty years the bituminous constituents of the alum shale have, 
however, attracted a certain amount of attention as potential 
material for the production of oil and, from the early 'nineties up to 
recent years, a number of small plants have been erected for this 
purpose. 

In addition to oil, there is the possibility of producing sulphur, 
potash, etc , from the alum shale, a matter which was very carefully 
considered m 1913 by a Royal Committee' ap])ointed on the initia- 
tive of the Riksdag. On account of the increased interest shown 
in Sweden as in other countries after the Great War, in the possibility 
of l^roducing the mineral oil requirements at home, the work of 

‘ Utredning rorandc mojligheteraa for en inhemsk tillverkning av mineraloljor 
svavel m m iir den i olika trakter av Svenge forekommande alunskilfern, 
verkstklld av dartill av Kungl Ma]:t den 23 nfaj 1913 tillkallade sakkunmge, 
Stockholm 1919. 


680 



SWEDEN: DISTILLING OIL SHALES 

the Committee has, since 1920, been continued by the Swedish 
Institute of Scientific Industrial Research (Ingenjorsvetenskaps- 
akademien)^ both by examining the different kinds of shale 
and shale products and by testing the different methods proposed 
for utilising the alum shale to the greatest advantage. The first- 
mentioned part of this work has been carried out in the faboratorj^ 
for organic chemistry at the Stockholm Institute of Technology 
(Tekniska Hogskolan) under the author’s direction, and it is princi- 
pally the results obtained in this part 6f tlie work which are briefly 
described below.® 

■ 

The Organic Compounds of Alum Shale 

• 

Elementary analyses of samples of alum shale indicate that 
the organic compound^ present contain carbon and hydrogen 
in the approximate atomic ratio of 1 : 1 -2. In addition, the nitro- 
gen content, which varies from 1-2 per cent of the carbon present, 
can probably also be attributed to organic material * On the other 
hand, the large amount of a-sh present — 70 per cent or morc*~makes 
it impossible to give even an approximate figure for the oxygen 
content. As only a very insignificant amount of water, over and 
above the water originally present, leaves the shale when it is healed, 
and, as the oil produced is practically free from phenols and the 
content of carbon dioxide and carbon monoxide in the distillation 
gases is inconsiderable, it is probable that the organiil compounds of 
the shale contain very little oxygen. The same probably applies 
to the sulphur which, in so far as it is possible to judge from available 
inorganic analyses, seems principally to occur in inorganic com- 
pounds, combination with iron in the form of iron pyrites. 

Nevertheless, as the distillation gases contain hydrogen sulphide in 
considerable quantities and several per cent, of the weight of the 
crude shale oil often represent organically combined sulphur, it is 
probable that reactions occur at higher temperatures between the 
organic compounds and the iron pyrites, 

A microscopic examination of ground and polished samples of 
alum shale shows that the organic and inorganic substances are 

* With the exception of some investigations completed during the last few 
years, concerning the value of different deposits of shale from the pout: of 
view of oil production, this work has been described in the publications of the 
Swedish Institute of Scientific Industrial Research [J ngenjorsvetenskapsaka- 
demiens Handlingav) No. 6 (1922), No. 16 (1923), No. 30*(1924), No 41 (1925) 
and No, 56 (1927). A list of references to other work on alum shale is given 
in the last-mentioned publication. In addition, there is a later work by 
K. A. Vesterberg in the same series. No 62 (1927), dealing with the inorganic 
constituents. 
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intimately mixed. It has, therefore, not ])roved possible to con- 
centrate the organic compounds by grinding the finely ground shale 
with water Flotation, using turpentine as the medium, con- 
centrated the organic matter slightly, but only to an extent too 
small to be of any practical ust‘ Attcm})ts were also made to 
i'solate the carbon compou^ids by treating the finely pulverised 
shale with liquid sulphur dioxide and with organic solvents such 
as (‘tiler, absolute alcohol, acetone, ethyl acetate, glacial acetic apd, 
carbon disulphide, carbon tetrachloride, petroleum ether, benzene 
and pyr,idinc, but tKe results with raw shale were not jiromising. 
A small amount of material can, however, be extracted if the shW 
is heated beforehand to between 340 and or to roughly 

400 ’, these being found to be the most suitable temperatures, bo^h 
of these tomiieratures are, however, sufficiently high to cause deep- 
seated changes in the organic substances present 

In order to ijscertain to what extent the organic comjiounds can 
be volatilised bcfort‘ decomposition, distillations were carried out 
in a vacuum, but even under a pressure of only 01 to 0-2 mm. 
no distillation took place until fhe temperature was roughly above 
300°. As distillation then only occurred with the formation of 
gas, no siibstan<'es of any degree of volatility was present until 
thermal decomposition commenced. 

A large number of exj^eriments WTre made to ascertain the influence 
of certain factors, such as the rate of heating, the finaHemperature 
and the size of the particles of shale, on the pyrolysis or thermal 
decomposition. 

By measuring the quantities of gases formed it was found that there 
were two maxima for the speed at which decomposition takes place 
during slow heating, viz., at about 350° and 400°, which approached 
each other when the heating was carried out at a faster rate, finally 
coinciding at about 380°; at the higher rate of heating another 
maximum occurred at roughly 470° The greater quantity of oil was 
produced at the lower temperature, but the formation of gas con- 
tinued long after the production of oil ceased. The content of 
hydrogen increased with increase of temperature. The slower the 
increase in the temperature, the smaller the output of oil, but, at the 
same time, the richer the oil in hydrogen and, therefore, the more 
valuable. Increaj^ing the size of the shale particles had a similar 
effect. As examples of the influence of the rate of heating, the 
following experiments carried out on ffinely pulverised shale con- 
taining 1-35 per cent, moisture, 23-1 per cent. C, 2-5 per cent. 
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H, 5*9 per cent. S, 0-4 per cent. N and 67-5 per cent, ash, 
may be mentioned. 

When# the temperature was increased during thirty minutes to 
400° and#then, after an interval of sixty minutes, again increased 
to 500° during another 30 minutes, no more gas was formed and it 
was found that 100 gm. of shale had given 4,000 c c of gas, 3 0 gm. 
of water, 4-5 gm. of oil and 86-2,gm. of coke residue. An analysis 
of a sample of the gas collected eighty-five minutes after the heating 
was commenced gave the following result: 30-4 per cent. HaS, 
51 per cent. COg, 10-3 per cent. C 2 H 4 and other olefines, 0-8 per cent. 
O 2 , 2*8 per cent. CO, 18 0 per cent. Ho, 12#2 per cent. rH 4 . 14-5 
per cent CgHg and higher paraffins, and 5-9 per cent non- 
combustible residue After distillation and dryiijg with fused 
calcium chloride, the oil had d'^ =0-983 and contained 82-9 per 
cent. C, 91 per cent. H, and 3 0 per cent. S. Wlien washed with 
caustic soda it gave 1 -5 per cent phenols ; the residual oil, on 
distillation, gave 9-5 per cent, distilling up to I50\ 37-2 jut cent, 
between 150°-300° and 51-9 per cent, residue, thc'losses being 1*4 
per cent. Finally the ooke residue contained 19-2 pe? cent. C, 
1*1 per cent. H, 3-7 per cent. S, and 77-3 per cent. ash. 

When the temperature was raised to 400° in fifte*?n minutes and 
then further increased to 500 * in twenty minutes, and then main- 
tained there for ten minutes, the same samj)le of shale gave 4,240 c.c. 
of gas, 3*2 gm. of water, 5-7 gm of oil and 85 7 gm. ot coke residue 
per 100 gm. of shale. A sample of gas, collected tif ter twenty-five 
minutes, «l)ntained 32-3 per cent. HjjS, 13-3 j:)Ci cent COo, 1 8 per 
cent. C 2 H 4 and other olefines, 0-2 jier cent. Og, 04 per cent. CO, 
15*6 per cent. Hg, 35*8 per cent. CII 4 , 0-6 per cent. C 2 H 6 and higher 
paraffins, and 0-6 per cent non-combustible residue. The oil after 
distillation and drying had d;' * =1 -003 and contained 84-5 per cent. 
C, 8-95 per cent. H, 2-8 }:)er cent. S, and 1-4 per cent, phenols, etc.; 
on distillation it gave 6*8 percent, distilling to 150 \ 32- 1 per cent, 
between 150°-300°, 60*1 per cent, residue and 1 per cent. loss. The 
coke residue contained 18-5 per cent. C, 0-99 per cent. H, 3 8 per 
cent. S, and 77-9 per cent. ash. 

The conversion of the organic compounds in the shale into gas and 
oil by heat indicates that several different types of clccomj^osition 
occur. These are more or less coinjilicatcd by side reactions between 
the organic and the inorganic constituents of the .shale, sucli as 
iron pyrites or reducible oxides, or through tl*e catalytic influence 
of mineral substances. It is, therefore, a hazardous matter to base 
any conclu.sions as to tlie structure of the substances originally 

. 683 



LIQUID FUELS 

present on the nature of the products obtained by destructive 
distiUation. 

Another method of investigating the organic compounds' of the 
shale was, therefore, tried, that is to say treating ^he shale 
with chemical reagents, such as alkalies, hypochlorites, permanganate, 
chromic acid, hydrogen peroxide and nitric acid. Of these the 
last appears to be of use for jonvorting the organic substances into 
compounds suitable for further treatment. Thus if the shale, after 
being oxidised by means of nitric acid, is treated with soda solutiop, 
generally only the mineral constituents remain undissolved. It I is 
only when the organic c^impounds have been thoroughly decomposed, 
either through the influence of certain geological factors, or artSf- 
ficially, by strong and protracted heating, that carbon in greater di' 
smaller quantities remains undi.ssolved in the soda solution Thi 
sodium salts of the oxidation products are intensely brown in 
solution and give with mineral acids brown amorphous precipitates 
of nitro-shale acids, containing carbon, hydrogen, oxygen and nitro- 
gen in the approximate proportions C, 58 per cent.; H, 4*5 per cent.; 
0, 33 per cent, and N, 4-5 per cent. From the quantitative results 
and the elementary composition of the nitro-shale acids it appears, 
that the organic compounds in the alum shale are of two funda- 
mentally different types, viz., bituminous and humic substances. 
Of these the former is more easily decomposed when heated, 
giving a^gas rich in hydrocarbons and hydrogen sulphide, together 
with a comparatively large amount of oil, and, when oxidised with 
nitric acid is easily and almost completely destroyed. >he humic 
substances, on the other hand, arc the cause of the highest tempera- 
ture maximum for the formation of gas, giving large quantities 
of gas rich in hydrogen but hardly any oil in the process; they are 
oxidised by nitric acid to mtro-shalc acids. 

It is of interest to note that the Esthonian oil shale, "Kukerslt,” 
which on destructive distillation yields a large amount of oil, does 
not give greater amounts of soda-soluble substances on oxidation 
with nitric acid in the same way as that adopted for the alum shale, 
and that the substances obtained are quite different from the nitro- 
shale acids. It seems, therefore, that the organic material of 
' KukersiT' may be characterised as bituminous, humic substances 
hardl^^ being present at all; this is all the more remarkable as the oil 
obtained from the Esthonian shale is almost as rich in phenols as the 
low-temperature tar* from coal, while the oil from the highly humic 
Swedish alum shale only contains a few per cent. As this shale was 
formed at a time when it is unlikely that li^eous plants contributed 
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to the fossil organic matter in the shale, the name "nitro-shaleacid 
has been selected provisionally for the oxidation products until the 
relationship between these products and the nitro-humic acids, ^ 
derived fft)m products such as lignite and peat found in formations 
of later date, has been established 

Although the humic substances of the alum shale have, by treatment 
with nitric acid, been con verted *into^ubstances that can be dealt 
with, no such method has been discovered for the bituminous 
substances excejiling destructive distillation When it is considered 
that the oil obtained in this way is strongly unsaturated and almost 
entirely free from phenols, solid paiaffins ani solid aromatic hydro- 
carbons (vide iiijra), that the unsaturated compounds are easily and 
completely oxidised by nitric acid and that the nifro-shale acids 
contain carbon and hydrogen in almost the same ratio as the original 
shale, the conclusion is reached that the same carbon-hydrogen 
ratio must also apply to the bituminous substances. These sub- 
stances must, therefore, be looked upon as polycyclic hydrocarbons 
with a few aliphatic side-chains, probably short ’and v^ery muclL 
branched. 

The Chemical Properties of ^he Shale Oil • 

Though previous chemical examinations indicated that the hydro- 
carbons present in the shale oil should be regarded primarily as 
a definite class of substances intermediate between the • terpenes 
and the benzene hydrocarbons, the presence of small quantities of 
saturatedrf^liphatic and purely aromatic hydrocarbons, as well as a 
considerable quantity of organic sulphur compounds, has now been 
definitely proved in some of the lower fractions. When it is 
considered that the shale oil originates from material of extreme 
age geologically, the importance of investigating its composition in 
great detail becomes evident, partly as a means for discovering a 
method for qualitative analysis of the oil formed under different 
conditions, and partly with a view to improving the methods for 
producing the oil for commercial purposes. 

With the object in view of investigating their composition, various 
samples from the now discontinued small plants have been 
analysed for unsaturated hydrocarbons, using the ordinary iodine 
number reagents as well as sulphuric acid of various concentr34:ions. 
In the first instance we found that when determining the iodine 
number according to Hiibl, it is possible to obtain definite values, 
although tests with varying amounts of iodine or times of reaction 
should be made in each ’case to make sure that a true maximum 
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value is obtained. Both Wijs' and Hanus' methods, on the other 
hand, give appreciably higher iodine numbers, but the rate of the 
reaction is so slow that reliable values are difficult to obifain in a 
reasonable time or when using reasonable quantities of trfe reagents. 

The behaviour of the different shale oil fractions when treated 
wjth sulplwiric acid has shown that it affords an excellent means of 
characterising these fuels, las well as indicating their chemical 
composition, the possibility of refining them and their practical 
valiK' generally As even 7^ per cent, acid converts some of /the 
sulphur compounds of the shale gasoline into soluble or high-boiling 
substances, while the fensaturated hydrocarbons meet with the same 
fate when treated with 90 per cent, acid, treatment with atid 
followed by rrlractionation yields a product which has the ongiiial 
boiling range but which is completely or almost completely saturated 
to Hiibl’s reagent More concentrated atid leads to oxidation, 
while anhvdrous and hardly leaves any of the original material at 
all It should be noted that, as most of the polymerisation products 
formed by thc' sulphuric acid Lr-eatment do not dissolve in it but re- 
main in "the oil hiyvr, the American mCthod of determining the 
amount of iinsatu rated substance solel)^ by the decrease in the 
volume ot thft oil is far from accurate If, however, the deter- 
mination is completed by fractionation of the remaining oil, 
although much more laborious and demanding larger ejuantities of 
materiaf, much more accurate and reliable results arc obtainable 

The most detailed chemical examination of Swedish shale oil has 
been carried out on oil from the trial plant, erected in 1^3 by Sven 
V. llergh, at KinnekulU'verken, at Kinne-Klcva on the Kinnekulle 
mountain ^ 3'his oil tormed 4 2 per cent of the weight of the shale 
distilled and contained 86 0 per cent. C, 10 0 per cent. H, 2 0 


per cent. S and 0-4 jier cent phenols. It had the following 
characteristics: — 

Density cl* ' . . . 0-970 

Viscosity, (Knplcr) at 2U'^C. . 4-34' 

at .^OX. . 1-75 

Flaali point (Abel) . . 

I'alonlK value, calorimetric, Ivg cal. 10,100 

,, etlective ,, 9,560 

When distilled on a small scale the crude oil gave: — 

I-raction b p . up to 150'’ 150°- 200” 200°- 300° 300°-365° Residue Losses 
PeH:entagc 

of crude oil 5-3 9*9 27-4 21-0 32-9 3-5 


On the large scale, <hc oil w'as divided into wider fractions ; after 

^ Described by S\ en V iJergh' “A new Sj'^^eni of Oil Production from 
Swedish C)d Shale," The hrst World Power Conlerence, No. 122. 
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washing with dilute sulphuric acid and caustic soda in the laboratory, 
these were redistilled to give the following products: — 

AvAtion gasoline b.p. . . . Up to 90®C. 

Light #hale gasoline . 90®-150X. 

Heavy ,, . I50°-200°C. 

Shale gas oil . 200“-300'’C. 

Fractions with still higher boiling points to be used for the prepara- 
tion of lubricating oils were given a final treatment 

The mnation gasoline was further divided into 5^ fractions, 1391 
gm. of gasoline giving the following fractions: 

Boiling Range To 35® 35 -40® 40®-45® 45®-50'® 50®-55® 55°-()()® 60'’-65® 

Gm. 140 51 24 17 . 10 57 108 

Boiling Range ()5°-70" 70®-75® 75°-80" 80'’-'Ti5® 85®-00” Jtesidn^ Losses 

Gm 490 112 80 54 60 77 45 

These fractions possessed the following characteris*tics. - 


Iodine 

No. 


Fraction 

elf" 

nf," 

c 

" 11 

"oS 

(OTN) 

H/C 

(Hiibl) 

Up to 35" 

0-C820 

1 3810 

76 63 

13-71 

8 84 

0 82 

2-13 

168-6 

35“-40" 

0 6962 

1 3885 

75-34 

13 02 

9*67 

1 97 

2 06 

184 8 

40'’-45® 

0 7 1 05 

1 3 )35 

— 

— 


r— 

— 

168*7 

45®- 50® 

0-7105 

1 3915 

— 

— 

— 

-■ 

— 

149-7 

50®-55® 

0*6993 

1-3861 

— 

— 

— 

— 

• — 

130-9 

55®-G0° 

0-6862 

I 3825 

— 

— 

— 

— 

— 

127-6 

60'’-65® 

0-6793 

1-3855 

— 

— 

— 

— 

— 

143-8 

65®-70° 

0-6981 

1-3965 

83-75 

14-79 

0 71 

0»71 

2 10 

143.9 

70°-75® 

0 7683 

1-4275 

85-45 

12-34 

1-44 

0-77 

1 72 

184-9 

75'’-80“ 

0-7714 

1 4285 

85-19 

12 16 

1-27 

1 38 

1-70 

176-7 

80°-85® 

0-7362 

1*4075 

81-92 

13-69 

0-64 

3 75 

1-99 

155-3 

85“-90” 

0-7121 

1 4005 

— 

- 

— 
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This fractionation shows that the aviation ga«oline principally 
consists substances boiling at about 35° and 70°, while the figures 
given in the table for the densities, refractive indices, etc., indicate 
that the former consisted of roughly 50 per cent, of unsaturated 
hydrocarbons, probably pentenes (dry aluminium chloride giving 
no indications of the presence of isoprene) and 25 to 30 per cent, of 
saturated hydrocarbons (pentane, etc.), while the remainder consisted 
of sulphur, oxygen and possibly nitrogen compounds. The inter- 
mediate fractions, upi to the fraction boiling point 65-70°, became 
less unsaturated with increase in boiling point as shown by the 
densities, refractive indices and iodine numbers, at and above this 
fraction the conditions were reversed, probably owing to the presence 
of hexenes and benzene, together with smaller quantities of he.xenes 
and possibly cyc/ohexene or the corresponding sulphur and qxygen 
compounds. Above 80° the benzene and hexenes decrease, with 
the result that the densities, etc., once more become smaller. 

The most important constituents of the lightest distillates of the 
shale oil are therefore pentenes, hexenes and benzene. The 
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presence of these substances was definitely established by treating 
the appropriate fractions with hydrogen bromide, bromine or 
sulphuric acid. Thus considerable quantities of brom- and flibrom- 
pentanes were obtained when the fraction boiling up tb 35° was 
treated with hydrogen bromide and bromine respectively ; similarly 
the fraction boiling point 65°-70° gave brom>and dibrom-hexanes. 
On treating the fraction boiling point 65°-70° with sulphuric acid 
of 75, 90 and 98 per cent, successively, 66 per cent, remained 
undissolved; of this only a half consisted of hydrocarbons of | the 
same boiling point as the original material, the remainder consisting 
of polymers of comparatively low molecular weight. The recovOTed 
material was entircl}^ saturated and had an H C ratio of 2-27 to 1; 
it, therefore, consisted almost entirely of paraffin hydrocarbons.! 

The fractions of boiling point 70^-75^, 75°-80° and 80"85° wh^n 
treated with sulphuric acid, behaved in a similar manner, but the 
hydrocarbons recovered from the first of these had 11 'C ratios of 
1-85 and 1-89 respectively, indicating the presence of 36 per cent, 
of benzene, corresponding with 5-7 or 8 per cent in the original 
fractions. Gr piactically I per cent, of the tcftal gasoline boiling below 
90°. The jiresence of benzene was definitely established by the 
formation of acetophenone (and its .semicarbazone) from the hydro- 
carbons of fraction boiling point 70’'-75^ not affected by sulphuric 
acid, d'his also was con firmed by treating the acid-insoluble hydro- 
carbons of the fraction boiling point 75°-80° with chlorsulphonic 
acid and convAting the sulphochloride formed into benzene- 
sulphanihde ' 

The h^ht shale gasoline was not subjected to any detailed chemical 
examination, as the prospects of isolating any definite substances 
were .small; in an earlier investigation of the corresponding fraction 
obtained from the shale by another but similar method small 
quantities of toluene were identified in the form of the dinitro- 
compound while /)-xylol was identified by oxidation to terephthalic 
acid. The quantities of these substances were, however, very small. 
Analyses of the crude shale gasoline after treatment with dilute 
sulphuric acid and caustic alkali gave 84- 1 per cent. C, 13-2 per cent. 
H, 116 per cent S, and an iodine number of 129-7 (Hiibl). The 
characteristics were found to be — 



0-783 

.. dr 

0-779 

Refractive index 

1-4365 

Flash point (Abel-^nsky) 

rc. 

Viscosity (Engler) at 20®C 

0-94 

Calorific value, calorimetric, Kg./cal. ... • 

... 10,880 

,, effective 

... 10,160 
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The Engler distillation gave the following results: — 

Fraction b.p. Up to 100“ 100“-1I0“ 1I0“-120“ 

Volume in c.c. 0-5 6 0 26-7 

Fraction b.p. 120“- 130“ 130“- 140“ 140“- 150“ Total 

Volume in c.c. ^6*2 21-0 12-0 92-4 

After treatment of the original gasoline with sulphuric acid (75 
per cent.) followed by caustic soda (10 per cent.) and distillation with 
steam, 91-1 per cent, of the original Aaterial was recovered. On 
analysis this gave 85-7 per cent. C, 13-3 per cent. H, 0-68 per cent 
S, and an iodine number (Hiibl) of l€0-7. It had the following 
characteristics; — 


Density d/’ .* 0-^75 

dj^f' . ... 0-770 

Refractive index n,/' • 1-4345 

Flash po-nt (Abel-Pcnsky) . . . . . ... 39“C. 

Viscosity (Engler) at 20"'C. ... . () 93 

Calorific value, caloninttnc, Kg./cal. 10,770 

,, effective ,, 10,050 

The Engler distillation gave: — 

Fraction bp. Up to 1 10“ 110“-! 20“ 120-“ 130“ 130“- 1 40“ 140“- 1 50“ Total 
Volume in c.c. 3-6 ^5 5 20 8 21-6 12-1 • 92-6 


The heavy shale gasoline, after treatment with diluted sulphuric 
acid and caustic soda, contained 35-9 per cent. C, lfi-45 per cent; 
H, 1-20’per cent. S and gave an iodine number (Hiibl) of 109-7. 
it possessed the following properties: — 


Density di"’ . . 0 826 

„ df’ ... 0-8215 

Refractive index n'V’ - 1-4624 

Flash pOint (Abel-Pensky) . . ... 3“C 

Viscosity (Engler) at 20“C I -00 

Calorific value, calorimetric, Kg./cal. ... ... 10,700 

,, effective ,, . .* ... ... 10,030 

The Engler distillation gave the following results: — 

Fraction b.p. Up to 160“ 160“- 170“ 170“-180“ 180“-190“ 190“-200“ Total 
Volume in c.c. 1-9 29-6 32-8 18-0 9-5 91-8 


The shale gas oil, after a light refining with 5 per cent, of 90 per cent, 
sulphuric acid (loss 5-7 per cent.) followed by 10 per cent, of 10 per 
cent, caustic soda and redistillation at 175°C. in a current of super- 
heated steam, contained 86-5 per cent. C, 10-96 per cent. H and 
1 -43 per cent. S, had an iodine number (Hiibl) of 84-25 and possessed 
the following characteristics: — 


Density dP ... ... ... ... 0-900 * 

„ df' 0-8965 

Refractive index ng" ... .. ... ... 1-5075 

Flash point (Pensky-Martin) ... ... ... ... 09“C. 

Viscosity (Engler) at 20“ C.. . ... ... ... 1*20 

Calorific value, calorimetric, Kg./cal. ... ... ... 10,470 

,, ,, effective „ ... ... 9,880 
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The Engler distillation gave the following results: — 

Fraction b.p. Up to 200® 200®-225° 225®-250° 250®-275‘’ Total 
Volume in cc 0 8 11-6 * 32-3 28-2 ’72-9 

Shale litbricalinf^ oils: The high boiling* fractions were refined by 
treatment first with 90 per cent and then with 98 per cent, sul- 
phuric acid followed by caustic potash (10 per cent.) and distillation 
first with superheated steam and then in a vacuum. Representative 
fractions, obtained in this way, pos.sessed the following charac- 
teristics. — ‘ I 

Pressure . . , 13 mm 13 mm 13 mm 10 mm 

Boihnpratige * . 170' -100" I90'-210® 210"-230" ca. ISO^bsO® 

Carbon (per cent.) . . 87-2 87 25 80-8 80-3 \ 

Hydrogen (per cent.) 10 7 10 8 10-7 9 7 1 

Sul])hur (percent) . 1 62 1-71 1-83 2-44\ 

Iodine number (Hubl) 46 3 48-4 .52 5 59-1 \ 

Demsity, dP' 0 952 O-OOy.l 0-984 1-007 

dU 0 949 0-9635 0 982 1002 

Refractive index nr," 1-541 1-550 1 560 1-575 

F'lash point (Pensky-Marten) 

145 159 172 198 

Viscosity (Engler) at 20‘’C. 2-12 4 25 11 0 — 

.. < .. at SOT. — 1^7 2-43 11-6 

,, at90T - — 2 05 

Traces only ^of solid hydrocarbons were obtained when corres- 
ponding preparations obtained in the same way from shale oil of 
different origin were examined for paraffin wax. 

A product intended for use as furnace Jncl oil and prepared by 
topping 7 per 4.ent. of crude gasoline from the crude shale oil by 
means of steam, contained 86-1 per cent. C, 9-7 per ojnt. H and 
2*5 S, and possessed the following characteristics: — 


Density dj’’’ . 

0-994 

df 

0-991 

Flash point (Pensky-Marten) 

. 65°C. 

Viscosity (Engler) at 20"C .. 

. . 10-2 

at 50®C 

2-41 

Asphalt, insoluble in ether-alcohol (2:1) 

ml 

Calorific value, calorimetric, Kg./cal. 

10,130 

,, ,, effective 

9,600 


A detailed examination of the acid siibstances isolated from the 
crude shale oil by means of alkaline solutions showed that they 
contained phenols, although only very small quantities of the 
simpler members, such as cresols and xylenols, were jire.sent. 

Tl:«> basic substances extracted by means of diluted suljihuric acid 
were also found to be mainly high boiling. The lower boiling 
fractions, ranging fti boiling point from 1 35“ at normal pressure to 
150“ at 12 mm., were found to consist almost entirely of substances 
belonging to the pyridine series, from picoline upwards. 
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The Practical Use of the Shale Oil 

It has been found, when refining the corresponding fractions of 
different* crude oils, that products obtained are very similar 
to each otHer, and’that the /difference in the cost of refining oils of 
different quality does not correspond with the decrease in the output 
of crude product which occurs as a result of precautions -(such as^ 
careful heat treating of the shale) •intei^ded to improve the quality. 
Experience has, in fact, shown that the highest yield of crude oil 
possible should be aimed at during, the destructive distillation. 
As this requirement was best fulfilled by the above-mentioned plant 
at Kinne-Kleva, the products obtained fronf it w^re usod in the 
final investigation to determine which commercial products could 
best be produced from the Swedish oil 

In theory it is possible, of course, to produce from the crude shale oil 
fuel oils of any degree* of volatility, but if these are to be of 
any practical use it is e.ssential, on account of their sulphur and 
unsat uratecl hydrocarbon content, to subject therr^ to a more or 
less drastic refining treatment. It is, therefore, of considerable 
importance to know to wh'at extent this refining must be carried for 
different purposes, and also to know. the most suitable way of doing it. 
Experiments were, therefore, made with crude distillJtes of varying 
volatility, giving them the lightest safe treatment sufficient for the 
purposes for which they are intended and then putting them to 
practical test The refining agents used were sulphuric acid and 
potash or caustic soda, followed by redistillation. A few^ experi- 
ments were also made on similar lines with methods in use in the 
mineral oil industry, such as treatment with lloridin, or similar 
substances, liquid sulphur dioxide (Edcleanu), sodium plumbite 
solution, aluminum chloride or stannous chloride (Maihle), but the 
results obtained were not encouraging. Cracking, as was only to be 
expected, did not offer any advantages for the preparation of the 
desired products on account of the small amount of hydrogen in the 
shale oil. 

Insufficient of the aviatiiSn gasoline was available for test, but 
it was found that the light gasoline, washed only with dilute sulphuric 
acid and alkali, could not be used in a Ford automobile motor on 
account of the carbon deposits formed in the inlet port, on the valves 
and, to a lesser extent, in the combustion chamber; on the cither 
hand, the same gasoline was found to be quite fit for use after having 
been subjected to the light refining described above, using 75 percent, 
sulphuric acid. The same motor ran on the heavy gasoline and 
consumed 13 litres in 2 hours without giving trouble. The lightly 
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refined gas oil, as well as the topped crude oil, when used in Atlas and 
Diesel motors of the ordinary construction gave trouble on account 
of incomplete combustion. The latter oil proved quite sukable for 
its real purpose, i.e., as furnace fuel oil.^ 

The lubricating oils prepared from the high boiling shale oil fractions 
although good lubricants, could not be compared with imported 
mineral lubricating oils, b^th ern account of their tendency to 
resinify and form pitch and then decrease in viscosity with rising 
temperature. They were, however, considerably superior tb the 
substitutes produced in Sweden during the war. 


‘ / L SAMM KN I- ASS I \NG 

SrhwedLMi ist r(Mth an bitiiintMihalliKcn Schictern, die w&,hrcnd inehr al^ 200 
jabren /ur Hcr('itun{^ von Alaiin IxMiiit/t wurdvn Sic wordeii direkt als 
llrcnnstoll gebraiulil, besonders 7iim lirenncn von Kalk in Crcgenden, wo sie 
zusainiiicn mil Kalkslt’in vorkoinnifii In den h'tzten 50 jahren liabun die 
bitnim'iihaltigi'n *I^estandteile dcs Alaunschiclers auch cm gcwisses Intcresse 
erweekt li^r die Herstellung von Olt'n, nnd in den lelzten jahren wiirden einc 
Anzabl kleinercr Aiilagen zii diesem Zwocke gebaut 

Die MogbcUkeit, ScliweJel, KaIisaJze,usw. lier/iistellen, wuide iiri Jalire 1913 
von einer Koniffncbon Koinmission nntersiicht Snt deni Kriege win! diese 
Arbeit voni scbwcdischrn institiit fur wissensrhaltlicbe nnd iiidustnclle 
For.scbung teils durch LaboraLonunisvx‘rsnche, toils diircli L’nlersucluing dcr 
versclneijencn, lur die besic Vcrwciidiing der Schieler \ orgcsthlagenen Ver- 
fahren, forlgeseLz^. Die Laboratoriuinsarbeiten wurdeii grosslenleils unter 
der Led ling des Vei lassers aiisgefiilirl, und IntTiibeT wird in vorhegender 
Sclirift in alliT Kuize bcricldet 

Naeli einer I'lbersirld uber die Meiige und I'dementarzusamnienselzung der 
organischen Hestaiidteile des ^clnelers wird cbis Verlialten dieser Stofle beim 
lirliit/eii und gegen cheinisdie Keagentien gesoliildert, und die Zusainnien- 
setzung, die clieiniseh-techinscben Kigenscliaften nnd die praktisclie Verwend- 
barked der bei der trockeneii Destillation des Stlnofers entsielienden Ole 
beschncbeii. 


692 



RECENT ADVANCES IN CRACKING 

THE INSTITUTION c/e PETROLEUM TEC'HNOLOGISTS 
DR. A. E. DUNSTAN AND PI'JKETMLY 


Paper No F8 


C ONTENTS • 

GENERAL— LIQUID-PHASE^ PROC ESSES {a) C ROSS PROCESS) (i) DU13BS 
PROCESS) (c) HOLMES-MANLEY PROCESS) (c/) JENKINS PROCESS) [e) 
OTHER PRO( ESSES— VAPOUR-PHASE PROCESSES (fl) GYRO PROCESS) 
(fe) KNOX PROCESS) (c) LEAMON PROCESS — ZUSAMMENFASSUNG 

A REVIEW OE CRACKING 

i 

Within. the last ton years cracking has become one of the most 
important processes of the petroleum industry, and only those who 
have been intimately connected with it can realise how mu(;h work 
and effort have been expended towards the perfecting of processes. 
Without dgftbt the greatest advance that has been made within the 
petroleum industry during recent years is the development of the 
modem cracking plant. This development has been made ahnost 
entirely in the United States of America, notwithstanding the fact 
that inventors in most European countries as well as in America 
have filed innumerable patents for the production of motor spirit 
from heavy or less valuable oils. The Dubbs process alone claims 
about 1,200 issued or pending patent applications. 

Various factors made the development of cracking processes 
possible in the United States, one of the most important being the 
possibility of marketing a high end point gasolene Normally, 
cracked oil is deficient in low boiling fractions and yields about twice 
as much Navy end point spirit as British No. 1 quality petrol. ^ Of 
the number of processes which have been invented only a few have 
advanced beyond the experimental stage, and these have either had 
special facilities for development or unusually sound features in 
their design. 
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Vapour phase cracking processes were first in the tield.^ These 
processes worked at high temperatures and with little or no pressure, 
but they produced a spirit which was most difficult to refine and 
had various objectionable features sucji as high gumming propen- 
sities, bad colour and disagreeable odour. It was dissimilar from 
^raight-rmn spirit m chemical composition. 

Attention was thus turned 4owatds cracking at lower temperatures, 
under which conditions products of a less unsaturated character are 
obtained. As a result liquid-phase processes were develo[)ed.“ 
Liquid-pliase processes now operating are responsible for the 
mamifaoture of the iffimejise quantity of gasolene which is obtained 
from heavy products to-day. During 1927 this production amounted 
to over 100 fhillion barrels in the United States'** Compared! with 
this ligure the quantity of cracked spirit manufactured in other 
countries is almost negligible The amoifnt of coke made in the 
modern cracking plant is only a small percentage of the throughput 
but the produ(;tion of over a million tons of this material in 1927 is 
an indication of the proportions to which cracking has developed 
Within the last three years there has been more interest m crack- 
ing outside the United States, aud cracking plants, mostly of the 
Cross and DuTibs type, have been erccied in .several countries 
In England, Canada, India, Australia, Trinidad, Borneo, Java, 
Japan, Rournania and Curacao there are thirty units of the Dubbs 
proce.ss' either in o})eration or under tons! ruction The Cross 
proce.ss has twenty-one units in operation in Argentine, Canada, 
Curacao, England, India, Japan and Boland, and the Jenkins process 
is in use in Japan and Canada. 

By the u.se of cracking, the rapid development of motor transport 
has been made ]iossible, and it has been the most effective step that 
has yet been made towards the conservation of petroleum resources, 
for without cracking the increase in the demand for motor fuel 
would have resulted in a great depletion of underground, supplies 
of crude oil with over-production of heavy residues. 

The history of the development of liquid phase or semi-liquid 
phase processes which have become commercial propositions has 
yet to be written. Many troubles and great difficulties were 
encountered and overcome belore the efficient and easily 
controllable modern cracking unit became possible These difficul- 
ties were almost entirely of an engineering character, as the condi- 
ditions of temperature and pressure used in liquid-phase cracking 
are such that it became necessary to develop a new technique in 
order to meet the new conditions. Ton years ago no engineer would 
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have undertaken to produce a present-day Cross reaction vessel, 
neither was he in the position to guarantee it to stand up to working 
conditions. 

Naturally the technolog- 3 | of cracking proceeded in advance of 
engineering. Operators became accustomed to the idea of handling 
and controlling streams of oil at high temperature and pressure, \mt 
they were greatly handicapped in the* early stages ol development 
by the lack of materials suitable to withstand the conditions of 
liquid-phase cracking, absence of eflicic'nt measuring and controlling 
instruments, tlie inability to pump hot oil and the unavoidable waste 
of fuel in furnaces of crude design The development of cracking 
plant has more or less been concerned with the solution of these and 
other difiiculties, minor details perhaps, but soim; ot*them of great 
imyiortance in the succe.ssful working of the cracking unit; even the 
making of a joint which would remain oil-tight under high tem- 
peratures and pressures was a problem of some difficulty 
These problems, however, have been overcorqie satisfactorily. 
Pyrometry has been greatly improved, hot oil pumps have been 
designed and are in use, furnacci construction has advanced and heat 
transfer improved with a large economy in fuel,^ automatic control 
has bepn developed and chain grate mechanical stoT^ers have come 
back into use for the purpose of utilising the coke formed. The 
effect of these improvements has been to increase the capacity of 
older plants. Thus the flue gas recirculating sy.^tem has assisted 
in incre^ing the capacity of a Jenkins unit by 50 per cent. Re- 
cycling of flue gases and air preheating have generally resulted in 
better yields and greater throughput with economy of fuel and better 
operating conditions 

Details of construction and operation have been standardised and 
an immense amount of labour has been expended in the endeavour 
to perfect each individual process in the race for supremacy. It 
is noticeable, however, that succe.ssful cracking processes have 
fundamentally the same essentials of simplicity of design and 
operation. Processes with mechanical scraping apparatus, electrical 
or catalytic methods, or plant with peculiar devices, have never 
proceeded far beyond the laboratory or the patent oftice. Refiners 
with their previous experience of comparatively simple refinery 
plant have invariably avoided unusual accessories. 

The principal modern liquid-phase processej rely on heat treat- 
ment only to effect cracking, hence the majority use a cracking coil 
and a reaction chamber or chambers. The heat necessary for 
cracking is imparted to the oil in the cracking coil and the time for 
• 695 



LIQUID FUELS 


completion of the reaction is obtained in the reaction vessel. The 
reaction vessel is not usually heated, or is supplied with enough heat 
only to balance the loss due to radiation. It also provides a con- 
venient receptacle for any coke formed (n the process. The differ- 
ence between the various processes lies mainly in the design of the 
reaction vessels and the method of operation, i.e., the quantity of 
heat applied and the pressurePused! The design and operation deter- 
mine to some extent the purpose for which the plant is most suitable. 
For example, a plant such aa the Dubbs is more suitable fbr the 
cracking of heavy crude oil distillates and residues than the\ Cross 
type of pkint, which ptefewably uses gas oil and kerosene as cracking 
stick, because the Dubbs reaction vessel is particularly designed 
to hold a large quantity of coke, such as may be expected Urom 
heavy residues, and the working pressure is compEirativcly low, 
whilst the C'ross reaction vessel is restricted in its capacity for coke 
and the w^oiking pressure is necessarily high for the purpose of 
maintaining light distillates substantially in the liquid phase. 
The liexibility of processes, however, has greatly increased within 
the last few years and almost any kind of raw oil can be treated to 
yield marketable gasolene. • 

When vapour-phase cracking was abandoned in favour of, liquid- 
phase processes no data was available regarding the physical con- 
ditions of the oil under treatment at high temperature and pressure, 
and mucli exjierimental work has been done to obtain data applicable 
to liquid-phase cracking ® The results of this work «how that 
temperature, pressure and time all have their effects. 

The formation of carbon in the process of cracking was one of the 
problems of greatest interest because the continuity of the process 
depended on the extent of its dcjiosition in tubes or stiUs. The 
object of most of the patents taken out was to produce the maximum 
amount of gasolene with the minimum amount of coke. The 
general experience was that the higher the temperature used the 
greater the amount of carbon formed. It was established that 
within the usual cracking range of temjicraturc there is a definite 
time-temperature relationship. Within this range of temperature 
the yield of spirit is a function of the temperature if the time is 
constant. Thus with a typical gas oil the gasolene yield is doubled 
for £j|)proximately each 10°C. rise in temperature. At constant 
temperature the yiel^d, in the early stages, is a function of the time, 
following a relationship at first linear but ceasing to do so after 
material decomposition has proceeded. • 

The maintenance of a true liquid phase is also dependent on the 
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time and temperature factors because at constant pressure the liquid 
phase merges into vapour phase as the critical temperature falls^ 
due to ^crease in the proportion of cracked products. There is an 
optimum yield of ^cracked gasolene obtainable for a given pressure. 
If the cracked product exceeds this optimum then distillation pro- 
ceeds at an excessive rate and concentration of tlie heavier portions 
of the oil results in a rapid dejiosition of coke. Witli a Ihglier pr^- 
siire the critical yield point rises corresfiondingly. As an example a 
particular gas oil at 400 lb. pressure gave a critical yield of approxi- 
mately 20 per cent., at 700 lb. 25 pei^cent and at 1,000 lb. 30 per 
cent., the temperature of cracking being adjusted, but other con- 
ditions remaining constant in all cases. * * 

The velocity of cracking depends not only on the time and tem- 
perature but also on the character of the original oil. Kerosene 
requires a longer time, or a higher temperature than gas oil to 
yield the same quantity of gasolene. 

It is probable that paraffin.s do not form condensation products on 
cracking and that the coke usually obtained in cricking is mainly 
produced from aromatic pr other ring compounds, lleewy petro- 
leum with a high aromatic content yields large quantities of coke, 
whereas paraffin wax yields littR* or none. Tncre?^se of pre.ssure 
tends k) diminish the content of unsaturated compounds in the 
cracked product. 

More interest in vapour-phase cracking has become apparent since 
the work of Kicardo® on engine design and Midgleu on anti- detona- 
tors has W?come generally a])preciated.’ The ust‘ of lead tetraethyl 
for doping straight run gasolene to prevent ])inkingwa.s re.sponsible 
for a search for other substances of similar value*. Up to date, no 
material has been found which is more generally used than benzol 
for this purpose. Benzol in itself is a fuel, besides having the pro- 
perly of preventing pinking. The extensive use of benzol has in 
its turn created a demand for a sub.stitute and vapour-pliasc* cracked 
gasolene appears to meet all recpiirements. 

It is commonly claimed that cracked gasolene is superior to straight- 
run gasolene in anti-knock value, but this claim depends on the type 
of crude oil used for cracking and also on the process by which it is 
cracked. In liquid-pha.se proce.s.ses, the gasolene ])roduced from 
certain crude oil residues or distillates is little belter than the 
straight-run gasolene from the same crude oil. In vapour-phase 
cracking, however, the original oil is profcwndly changed and 
yields a product which is totallj^ different m chemical composition 
and is superior in anti-pInking properties. 
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These facts are particularly noticeable with paraffin-base crude 
oils. The straight-run gasolene has comparatively little anti-knock 
value and, if the residual oil after removal of the gasolene isxracked 
under moderate pressure, the cracked gasolene obtained is similar 
to the straiglit-run jjroduct. If, lioweve^*, the residual oil is cracked 
in the vapour phase the gasolene obtained has a high anti-knock 
value and'its chemical composition does not resemble either the 
straight-run or liqiiid-iihase^product. 

Occasionally, the liquid-phase product is of even less anti-knock 
value than the straight-run gltsolenc. this being true of certaiH shale 
oils. For the production of a liquid-phase cracked motor fuel of 
high antiknock value, it tippcars that certain crudes must belused 
as raw material, these being either aromatic or naphthenic in t^pe. 

Tlic gases produced in vapour-phase cracking ]ilant may con|ain 
50 per cent, or more of iinsaturatcd compounds, but this figure de- 
pends mainly on the temperature used These unsaturated com- 
pounds consisting mainly of ethyUnie, piopylene, butylene and 
amyleiie open aip a new field for organic synthesis A certain 
amount (\f work has already been done towards the production of 
spt'cial solvents, and it is probable that a great development will take 
place in the mipiufacturc of synthetic material from the waste gases 
of the cracking process 

FRKSSURIi DISTILLATION AND LIQUID-PHASE 
‘ PROCESSES 

c 

Burton, sixteen years ago, was the first to produce commercial 
quantities of gasolene, and large quantities of gasolene are still being 
manufactured in various modifications of his original plant. The 
danger due to deposition of carbon on the bottom of heated shell 
stills and the recognition of the fact that there is a time lag between 
the application of heat and the completion of the cracking reaction 
led to the modern practice of separating the heating section of the 
plant from the reaction .section. Heating is conducted in tube stills 
which are safer and more efficient than shell stills and the reaction 
vessel is either lagged or is provided wfth sufficient heat only to 
prevent radiation losses. 

Of all the liquid-phase or semi-liquid phase cracking processes, 
the Cross, Dubbs, Holmcs-Manley, Jenkins, and Tube and Tank are 
the ]5lincipal proces.ses which show continued progress on a com- 
mercial basis. A short de.scription of these will .show their similari- 
ties and differences and indicate the type most suitable for modern 
conditions. 
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The Cross Process 

The Cross process differs from other commercial processes in that 
it more yearly approaches true liquid-phase cracking on account 
of the comf)arativ^y high pressure (600 to 850 lb. per sq. in.) under 
which the process is condijited. The capacity of Cross units now 
operating and under' construction amounts to over 25,000,000 
barrels of gasolene per annum. There are at least 175 units now 
in use. A modem Cro.ss unit is illustrated in Fig. 1 . 



CROSS CRACHINC UNTT WITH CRAY POLYfCRIZER AM3 CRUOE. FRACTIOWATIHC TOWE-RS 

Fig 1. • 


During the last few years improvements in the plant include 
reduction of fuel above the fixed gas consumed, from over 6 per cent, 
to 0-5 per cent. The "synthetic crude" unit with no distillation 
apparatus has been changed to units equipped with towers for pro- 
ducing a pressure distillate and later the pressure distillate towers 
have been replaced by bubble-cap towers yielding end point gaso- 
lene, with fractionation so complete that there is no overlap between 
the end point of the gasolene and the initial point of the reflux. 
Fresh crude capacity has increased to 2,000 barrels per day with a 
corresponding increase in the daily yield of gasolene. The welded 
reaction chamber has been replaced by a one-piece forged steel 
chamber, and the adoption of the Kellogg-Alcorn radiant heat 
furnace ensures maximum heat transfer with better control ov?r the 
heat input , 

In the modern plant the charging stock is fed by cold oil charging 
pumps through heat exchange coils in the top of the fractionating 
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tower and evaporator and is discharged into an accumulator tank. 
Vapours from this accumulator tank pass into the fractionating 
tower. The bottoms from the accumulator tank are take i by hot 
oil pumps to the cracking funiace at a pressure of 60C* to 850 lb. 
per sq. in., and discharged from Ihc^’cracking furnace into the 
reaction chamixT at a temperature varying from 450°C. to 480°C. 
The .synthetic crude leaves^thc reaction chamber through a piston 
type slide valve, at which point practicalh^ all the pressure is 
released The synthetic crude discharges into the vaporise^ where 
the heavy ends are withdrawn as fuel oil, the vapours passing from 
the cvajDoiator into ,^lie fractionating tower, from which aW end 
point gasolene desired is taken off overhead. The bottom^ from 
this tnibbki , tower are withdrawn hot and charged continmously 
into the accumulator tank, whence they are passed to the hating 
coil. Through temperature control, any end point gasolene desired 
can be made direct from the unit and any quality of fuel oil desired 
can be withdrawn from the bottom of the evaporator. 

In this operation practically no vaporisation is allowed to occur 
in the cracking zone, « 

The oil is rnriiiitained in a substantially liquid pha.se, not only in 
the period in winch it is brought to cracking temperature, but also 
during and until the completion of the cracking reaction in the 
chamber. 

While jt is stated that the Cross process is a liquid-phase process 
this should not lie interjireted as meaning that there is no gas in the 
reaction chamber. A certain amount of fixed or non-coudensable 
gas is, of conr.se, formed. The higher the pressure maintained, 
the smaller the amount of*gas formed and the lower the lo.sscs. 

The coke made in the Cross process varies from 2-5 lb. per barrel 
of fresh stock charged in the case of Smackover topped crude to less 
than OT lb per barrel when cracking kerosene 

The average yields from the Cross jiroccss based on fresh stock 
charged are — 


(iasolcne 437‘’t' E P, 
Fuel Oil ... 

Coke, ga.s and los.s 


Kerosene, 
per cent 
78 — 80 
15 - 20 

9 


cr;j,cking stock 


('.as Oil 
per cent 
fj5 — 70 
20 — 25 
9 


Fuel (’)il 
per cent 
45 - 55 

37 — 55 


The percentage of time that Cross units are on stream when 
operated normally, is about 93 per cent, with kerosene, 90 per cent, 
with gas oil, and 85 per cent, with fuel oil charging stocks. The 
length of time on stream depends on the degree of cracking; the 
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harder the cracking, the greater the loss and the shorter the period 
of time on stream. 

The Du^ns Crac king Process 

During tl|e last tjirec years many improvements have been made 
in operation and lay-out oPthc Dubbs plant. Three to four years 
ago a standard Dubbs unit had a fifty tube 4-in. lieating coil from 
which the cracked oil was discharp;ed into a 10 ft. by 15 it. reactioh 
vessel, whereas a modern unit may have up to 2,500 barrels 
capacity, and may contain a healing tube furnace equipped with 
136 5-in tubes The reaction chamber has increased to 10 ft. by 
40 ft. high The dephlcgmator has been ij-rgely increased with 
shortening of the rcllux leg as hot oil pumps now give a positive 
feed in place ol the uncertain gravity feed of the pThix oil. A 
flashing chamber and flash condenser may now be added to the 
oiitht, giving still furtlier flexibility to the process. Recycling 
of the flue gast*s has resulted in 'improved operation anti, in units 
having duplicate reaction chambers, the idlt‘ time has been largely 
diminished by running the reaction ve.ssels alternatffly so that one 
is in use whilst the other i.cdiemg cleaned. This methotl of wperation 
ensures almost continuous tunning and at the same time provides 
ample time for de coking and reconditioning without interfering 
with the normal working of the j)roce.ss. 

There are now over 200 units of the Dubbs process operating on a 
wide range of raw material in different parts of the world. 

The lay-out of a modern Dubbs plant is shown ii! Idg. 2. 

The pi'Qjt^^s IS simple in that the oil to be cracked enter.s a h(;aling 
coil 111 the furnace and jiasses into a reaction cliamber in which all 
the coke produced collects. The fuel oii produced is continuously 
withdrawn from the reaction chamber, while the generated vapours 
pass into a deplilegmator wherein the heavier ends are condensed 
and returned together with the fresh raw oil, to the heating tubes, 
by means of a hot oil pump. The lighter ends of the cracked vapour 
pass from the top of the dcphlegmator to the condenser. The 
distillate passes into a receiving tank, from which it is continuously 
withdrawn to the storage tank. 

Only small quantities of oil are within the heating zone of the 
furnace. The reaction chamber and other parts of the plant are 
not externally heated and heat losses from these parts of the i^lant 
are prevented by heavy insulation. The operating pressures range 
from 150 to 250 lb. per sq. in. 

The length of a run is dependent upon the character of the charging 
stock which is being cracked. When cracking lighter oils the runs 
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continue uninterruptedly from ten to thirty days, and when a heavy 
coke-forming oil is being cracked the run lasts from three to five 
days only. 

The proSucts obtained are pressure distillate, residuum or fuel oil, 
coke and uncondensable gOjS. The pressure distillate is treated 
and steam distilled, taking off the gasolene produced by cracking. 
The bottoms of the pressure distillate constitute a gas oil which ma^s 
be cither sold or mixed with raw charging stock for further cracking. 
The residuum or fuel oil has the advantage of greater heating value 
than the original charging stock, as it has a higher calorific value; 
it also has a lower viscosity and lower cold test. The uncondensable 
gas may be treated with other refinery gast^s in an adsorptio^i plant, 
or may be burned directly under the furnace. The coke is a good 
commercial grade and has an average market value. 

The yields of gasolene^ obtained from the Dubbs process vary 
according to the charging stock and the method of operation. 

A new method of operation known as the Flashing System, has 
recently been introduced. This method of operatioa iin'olves the 
withdrawal of the residuum from the reaction chamber .into an 
auxiliary chamber, where it is vaporised, or, as is commonly said, 
"flashed.” Thus, the residuum is hot permitted to c^ccumulate in 
the reaction chamber with the resultant large deposition of coke, 
but is discharged as it forms into the flash chamber at reduced 
pressure. 

The advantages to be gained by this method of operation are. 

1. Increg,cj^.d time on stream due to the smaller coke production 
per barrel of raw oil throughput. 

2. A reduction of approximately 80 per cept. of the quantity of coke 
formed as compared with residuum operation. 

3. An improved quality of residuum with low cold test, high flash 
point and low sediment by benzol test. 

4. A reduced liquid loss due to the formation of less coke. 

5. A slightly increased gasolene yield and a better quality of 
pressure distillate. 

In the operation of the flash system as applied to a single Dubbs 
unit, the residuum from the reaction chamber is discharged through 
a 2-in. line to the 6 ft. by 12 ft. flash chamber. The gas oil vapours 
released in the flash chamber by the reduction of pressure are carried 
by a 6-in. line to the 20-in. dia., 20 ft. high, condensing and pre- 
heating column. This condensing column is equipped at the top 
with twelve pans similar to those in the dephlegmator. The bottom 
portion of the column acts'as a receiver for the hot feed. 
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The charging stock from the present raw oil feed pumps is dis- 
charged over the top of the pans in the column to condense the gas 
oil fraction of the flashed vapours. The small amount of the un- 
condensable gas and light distillate vapours which jDass off are 
condensed by a 120-ft. coil of 2-in. pip^: The condensate accumu- 
lates in a small receiver with a vent to release the non-condensable 
gas. 

A Tagliabue liquid level Control is used to maintain a constant 
level in the condensing column by regulating the amount of steam 
to the hot feed pump. This automatically balances the operation 
of the unit so that if a large amount of gas oil is flashed off thle hot 
feed puitip sficeds up and maintains a constant level in the conden- 
sing column. This does not tend to increase the load on the cracking 
plant because the gas oil is returned with its full heat content.! It 
is more in the nature of increasing the reflux ratio to raw oil. \ 

From the bottom of the condensing column the hot feed is pumped 
either to the dephlegmator or direct to the tubes. An orifice meter 
is used to indicate the rate of feed to the plant. 

From the bottom of the flash chamber ^the final residuum may be 
pumped around the fuel oil system, then through a cooler to storage. 
A portion of h may be returned from the fuel system to the flash 
chamber in order to lower the gravity of the final residuum by 
partly cooling the vapours, and to decrease the production of coke. 

Non-Residuum Operation. Non-residuum operation differs from 
the above rcsi(iuum method in that there is no residuum made, 
and all the oil charged to the system is converted into pressure 
distillate as completely as possible Coke and non-condensable gas 
are the only by-products,, but in larger quantities than in residuum 
operation. 

The Holmes-Manley Cracking Process 

The Holmes-Manloy apparatus generally employed comprises- a 
pre-heater coil, of the scries tyqje, in which the oil is raised to a full 
cracking temperature; four vertical stiUs, or reaction drums (5-0 It. 
by 40 ft ), into which the oil dischargtfs; a bubble tower tyjx' of 
dephlegmator which receives the vapour from the stills; a reflux 
condenser, to which the vapours pass from the lop of the bubble 
tower; a water-cooled condenser, wdiich receives vapours from the 
refliftc condenser; a surge pump, which returns the clean, heavy 
condensate from th^ bottom of the bubble tower and forces it into the 
stills through the pre-heating coil along with raw oil; and expansion 
drums into which the residue from the stills is drawn and distilled 
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by the contained heat giving recycle stock. A condenser coil con- 
denses the vapours from the expansion drums. The oil traverses 
the hcati«ag coil so rapidly that while it is being heated to full crack- 
ing tempemture — approximately 425 °C. — no substantial decom- 
position occurs in the coil, arid carbon deposition is avoided. 

Oil is maintained at an approximately even level in the vertical 
stills, which are set in a furnace with th^ ends projecting above and 
below the furnace. 

Scrapers are mounted on vertical shafts in each still and are rotated 
slowly during the operation, thus preventing the accumulation of 



carbon on the heated surfaces. Any carbon formed tends to 
gravitate to the cooler bottom space, below the heated zone. 

The oil in the stiUs is equalised by liquid inter-connections just 
above the furnace at the point where it is desired to maintain the 
oil level, the vapour being taken off the stills as fast as foi*med and 
led directly to the bubble tower. 

A comparatively low furnace temperature is maintained around 
the stills, in fact, sufficient only to compensate for loss due to 
radiation as most of the heat is supplied to the oil in the coil. The 
oil is maintained in the stills at a slightly lower temperature than 
at the exit of the coil, cracking being carried on in the stills at a 
relatively low temperature, approximately 415°C. A compera- 
tively long time element is obtained and a better and more complete 
conversion effected by the use of four stills instead of one. The 
working pressure may be from 150 to 600 lb. per sq. in., according 
to the construction. 
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"Clean circulation" is obtained by the return of the hot reflux 
from the bottom of the bubble tower to the pre-heating coil, none 
of the undistilled residue being permitted to return to the Loil. 



The result of the Holmes-Manley operation is to prodfijie gasolene 
directly from the pressure stills without re-ruiming, as the bubble 
tower is operated under, pressure. The residue from the expan- 
sion drums is a high gravity, merchantable liquid fuel, and the total 
carbon and fixed gases produced in the system is small. 

As far as is known the Holmes-Manley plant holds the record for 
continuity of working without a forced shut-down owing to coking. 

Operating in mid-Continental gas oil the following figures illustrate 
the performance of the jdant. 


Operating? time as percentage of calendar time ... .. ... 90 

Mixed charge per 24-hour operative day, 42 gallon barrels . . 2,500 
Percentage of virgin gas oil in charge ... ... . 56 

Percentage of cycle ga.s oil in charge ... . . ... 44 

Naphtha Dist. of 230°C E P. made by unit, including tar stripper 

per 24"hour day, barrels ... ... ... 1,000 

Gasolene of 205°C. E P. produced per 24-hour active day by re- 
running of naj^itha distillate, barrels .. ... 850 

Furnace oil ... ... ... ... ... ... 112 

Fuel oil of furol viscosity at 122“F. ... ... ... ... 325 

Gas T 105 

Coke and loss ... ... . . ... ... ... ... 8 
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The Jenkins Cracking Plant 

The Jenkins process® was first applied commercially about four 
years ago; it now has units in operation in most of the important 
refining c^tres. Jt is being operated with crude oil, topped crude 
gas oil and fuel oil residuam as charging stock. Details in con- 
struction vary with fiiffercnt installations, and the following de- 
scription will be confined to the gegeralj^hases of operation covering 
the essential features common to all installations. • • 



l-'U^w C'hart. Jenkins Installation in which Gasolene is treated in 
Vapour Phase 

The charging stock from storage enters the unit through .a reflux 
tower, where it comes in contact with the vapours^direct from the 
cracking stWl. This contact of liquid and vapour serves to preheat 
the former, vaporising the light ends, should any be present, and, 
at the same time, recondenses all the Iv^avy ends in the vapour. 
The liquid charge as reflux from the base of this tower Hows down 
to the cracking still, which consists of a horizontal shell still with a 
capacity of from 8,000 to 10,000 gallons. Underneath this sheU 
and near both ends are sluiceways or legs connecting to cross drums. 
The front leg is shorter than the rear leg, so that the numerous 
tubes which connect the two cross drums slant down from the front 
to tlie rear. These tubes, 120 or more, are expo.sed to the heat of 
the furnace. Near the upper part of the rear leg is a propeller 
which determines the rate of oil circulation in the still I his pro- 
peller is driven at a constant speed by a 35 H.P. electric motor 
located on top of the still. 

This arrangement for oil circulation in the stillis one of the unique 
and basic features of the Jenkins process. The propeller device 
ensures the complete circiflation of the oil in the still approximately 
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once every twenty seconds. The rapid circulation of the charging 
stock with the vapours constantly passing off to the fractionating 
towers tends to prevent “over cracking" and reduces the^'amount 
of carbon deposited in the still. « *' * 

As the charging stock is being pumped *to thp cracking unit a small 
ajnount oi hydrated lime is fed into the line. The amount of lime 
used varies with the charging stt)cks but generally does not exceed 
50 lb. 'of lime per 100 barrels of charging stock. Owing to the lime, 
the small quantity of carbop produced is in the amorphous form, 
and most of it settles out of the fuel oil residuum from the clacking 
operatioR in the fuel bil settling tank. V 

The use of lime in the charging stock also tends to lessen the 
treating prot/iem for the finished products, and adds to the life of 
the equipment by reducing corrosion in the still and towers. \ 

A predetermined amount of the.charging'^ stock is drawn off con- 
tinuously from the front cross drum of the cracking still. This 
liquid contain^ a considerable quantity of light ends which are 
allowed Jo vaporise in the expansion chamber and pass to the 
“reboiler." The residual liquid, which ‘contains a small quantity 
of coke in the amorphous form, -as previously explained, goes to a 
fuel oil settling tank, where the carbon settles out. The liquid 
residuum is a fuel oil of very high grade specification, and possesses 
a low cold test. 

The cracked vapours, freed from the heavy ends which have been 
absorbed by the incoming charge in the reflux towe^, pass to a 
large bubble tower, near the base of which the reflux i^removed 
and dropped back into the shell of the reboiler. Here the light 
ends of the reflux are again vaporised by the hot vapours in the 
coil from the expansion chamber, the vapours from this heat exchange 
operation being returned to the bubble tower for further fractiona- 
tion. The heavy ends as reboiler bottoms pass to cooling coils. 
Both these reboiler bottoms and the recycle gas oil can be blended 
with fresh stock and utilised as charging material for the* cracking 
operation In many installations, the* recycle gas oil constitutes 
50 per cent, or more of the original charge. 

In regulating the flow of liquid and vapour the control is largely 
automatic. By means of a temperature control at the top of the 
refifix tower, the overhead vapour passing to the bubble tower i6 
maintained uniforji. 

The operating pressures used in the Jenkins cracking operation 
vary from 135 to 200 lb. per sq. in. • 

One of the largest users of the Jenkins process charges the bulk 
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of the raw gas oil charging stock to two units operated at relatively 
low pressures and temperature. The recycle stock from these 
units iathen charged to a third unit, which is operated at a higher < 
temperatiLre and pressure. In most Jenkins installations it is 
customary to take both i high and low gravity gasolene stream 
from the cracking unit, the former often being 75 per r,ent. of tjie 
total gasolene recovered. » , 

As an example of the results obtained with the jehkins process, a 
charging stock, consisting of 64-4 per cent. Seminole crude oil, 32-3 
per cent, of fuel oil and the remainder gas oil, yielded 65-5 per cent, 
of gasolene with an end point of 424°F. ^The'loss was 2-91 per cent. 
The run lasted 612 hours and during this period 18,598 barrels of 
raw oil were charged to the unit. • 

With a mixture of 67 per cent, recharging stock and 33 per cent, 
of Panhandle crude oil, T5 per cent, of cracked gasolene was obtained. 
Californian gas oil yielded 62-7 per cent, of gasolene and mid- 
Continent gas oil gave an average yield of 67-66 per cent. 

The Tube and Tank Process 

In the Tube and Tank process the oil is heated in lubes of small 
bore, which discharge the oil intt) reaction chambers. The differ- 
ences between this plant and the Cross plant are that the reaction 
chamber is vertical instead of horizontal and that two or more cham- 
bers are used. The working pressure is about 250 lb. Connections 
between furnace and reaction chambers are arranged to allow the 
mode of operation to be varied. Thus they may be used singly, in 
parallel or in series, while it has been found that with two reaction 
chambers the process has great flexibility in meeting varying con- 
ditions. If used separately, one reaction drum may be cleaned 
whilst the other is in operation. 

As in the Cross process, pressure is released as the oil leaves the 
reaction chamber and evaporation proceeds immediately in the 
separator tank. The oil reaches this tank at about 400°C., which 
is high enough for vaporisation without the application of additional 
heat. The separators are'connected to fractionating towers which 
condense the heavy fractions but allow the gasolene fraction to 
distil. It is claimed that the process permits the handling of a 
larger amount of charging stock per day than many of the other 
processes in use to-day. 

Other Processes of Interest 

The only process depending on the use of a catalyst is the McAfee 
process, in which aluminium chloride is used. The process has 
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many points in its favour, the use of pressure being unnecessary, 
and it is carried out at a comparatively low temperature. The cost 
and the recovery of the catalyst have, however, hindered- its de- 
velopment. , < 

The Blumner process^*^, which has been developed recently in 
G^ermany, .differs from the usual process in the manner in which 
the heat is applied. The oi^ to l?c cracked is injected at a pressure 
of about 600 lb. per sq. in. into a chamber containing molten lead. 
Raschig rings are immersed in the molten metal in order to prolong 
the passage of the oil to the surface. The advantages claimec^' for 
the metlKJd of heatin|j ar^^: — i 

(a) very rajiid raising of the temperature to the cracking stage 

while ■ 1 

(b) subjecting every particle of the oil to the same conditionsl of 

temjierature and pressure^. • 

(c) avoidance of local overheating and 

(d) continuous operation, as very little carbon is deposited. 

In this process the cracking stock is forced through a heat exchanger 
and mixed with hot reflux oil, then pufnped through a preheater 
coil heated by the flue gases from the autoclave furnace The oil 
leaves at a tefnperature up to 300'’C. and is forced under pressure 
into the autoclaves containing the molten lead, where it reaches a 
temperature of 450 'C., thence passing into well-insulated decom- 
posing Vh ambers, where the reaction is completed. The cracked 
oil passes through an automatic relief valve into a spraying vessel, 
which IS maintained at a temiierature of 300' C'. by gas firing-. Heavy 
oil or pitch is deposited and removed from the system, while the 
light fractions flow to an *air cooler which condenses the reflux oil 
for recycling to the heat exchanger The vapours pass through 
a column, condenser and a water separator to the gasolene receiver. 
The gas made in the process is utilised to heat the autoclaves. 

The Bergius process^^ is the only process working under an ex- 
tremely high pressure which has developed to a commercial .scale. 
Little information as to progress has betn obtainable lately regard- 
ing the cracking of oil, but it is probable that the plant has not 
changed fundamentally. 

The usual methods of cracking oil produce gas and coke, the latter 
beirlfT a great hindrance to the continuous method of working. 
Bergius took u]) the problem and by applying heat in the presence 
of hydrogen under great pressure found that practically no coke 
and very little gas were formed when cracked heavy oils at a 
temperature of about 450”C. and 100 atmospheres initial pressure. 
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The commercial unit consists of a hea\'y horizontal steel cylinder. 
Inside the cylinder there is a cast-iron vessel, 30 ft. long and 3 ft. 
diameter, placed on concrete slabs sloping towards the closed 
end. It is fitted inside with a stirring device which penetrates 
to the far end The heating is effected by passing nitrogen through 
coils heated m a furnace, then through the annular space between 
inner chjimber and the heavy steel wall of the autoclave. 

Oil and hydrogen are preheated and sprayed into the autoclave 
continuously and the light products are removed as rapidly as they 
are formed, the high boiling^ fractions dropping back for further 
hydrogenation. The heavy residue is continuously witlidrawn from 
the bottom of the vessel. \ 

The plant can deal with 50 tons per day and as no carbonisation 
occurs, continuous working for an indefinite period is practicable. 
The final pressun? readied is sometimes as Mgh as 280 atmospheres. 
The colour of the Berginised oil is red or yellow, whereas cracked 
oil is opaque and very dark in colour. 

The hydrogen consumption is about 1 per cent . and the gasolene 
after retinmg with less than 1 per cent. 0f acid and soda is water 
white. The kerosene is barely ccjloured and both have a pleasant 
odour. Fuel cfinsumption is about 6-5 per cent, and the gas pro- 
duced contains enough latent hydrogen for the Berginisafion of 
the oil. 

A fuel oil, S.G. -986, passed once through the plant yielded 84 
per cent, of distillate, 8 per cent, of gas, and left a residi^ of 8 per 
cent. The distillate contained 30 per cent, gasolene, 25 j)er cent, 
kerosene and 37 per cent, gas oil and heavy oil, the losses due to 
gas, etc., being 8 per cent.* 

VAPOUR PHASE CKACKlNGi^ 

I'he situation regarding vapour-phase processes is somewhat 
difficult to analyse on account of the lack of data on yields and 
cost of production. It is generally known that vapour-phase 
cracking shows a much higher loss in the form of gas and that the 
yield of spirit is less than by liquid-phase cracking, but these facts 
must be considered as well as the properties of the product and 
the advantages claimed for the particular process which usually 
accoippany any published information on the subject of vapour- 
phase cracking 

The principal difference between liquid-phase and vapour-phase 
cracking is the temperature at which the process is carried out. 
In liquid-phase cracking, the temperature of operation may range 
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between 380° and 480°C., whereas in vapour-phase a minimum 
temperature of about 600°C. is necessary. 

The long time factor characteristic of the liquid-phase process is 
absent in4:he vapbur-phasp process, as the reaction at this high tem- 
perature is extremely j-apidi* The high temperature, however, is more 
likely to cause deterioration of the heating coils, but large reaction 
vessels such as those employed i» the^liquid-phase process are un- 
necessary. No high pressures are used in vapour-phase processes. 
The products obtained from the same o^il in vapour-phase are totally 
different in composition from the liquid-phase products. Practically 
no coke is formed. 

It is unlikely that vapour cracking will ever supplant the liquid- 
phase process, but many oil companies have erecte(> experimental 
vapour-phase units 

Of the true vapour-phase processes which have been developed 
from early patents, three of the best known arc the Gyro, the 
Leamon and the Knox. 

The Gyro Process « 

The Gyro proce.ssi® is based on the Ramage patents, which are held 
by the Pure Oil Company, and the following is a deacription of the 
unit at* Cabin Creek, W. Virginia. This plant has a capacity of 
1,500 barrels fresh charging stock per day. About 95 per cent, of 
the oil is vaporised for cracking and the process yields about 600 
barrels of finished gasolene daily. • 

The material to be treated is pumped into a pipe-still, each half 
of which contains 2,800 linear feet of tubing in 30-ft. lengths; heat 
is supplied by hot gases from tbe converter supplemented, if neces- 
sary, by gas burners. The flue gases are recirculated, 50 per cent, 
being returned to the converter. The pre-heated oil from the 
pumps is divided into two streams and enters the tubes from the 
bottom upwards. From the stiU the oil passes into an evaporator, 
where the heavy unvaporised portion is removed as fuel oil and 
steam is mixed with the yapours. A .separator removes any en- 
trained liquid which drains into the bottom of the fractionating 
tower. After leaving the separator the vapour enters the con- 
verter which consists of tubes (10 ft. long, 3^ in. dia.) containing 
a central core of concrete impregnated with oxide of iron ,as a 
catalyst. Each converter has twenty cracking elements of four 
tubes each, common headers connecting the ifflet and outlet ends 
of the elements. Thus the total travel of tlic vapour within the 
converter is 40 ft. 
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Fig. 7. Flow Sheet' for Gvro Process 
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Cracking takes place at slightly over 600“C. in the converters and 
the issuing vapour is conducted into a tar leg which is an import- 
ant paij of the unit. It serves as a jet condenser to cool rapidly 
the cracked vapour, and consists of a rectangular vessel into the * 
top of which cold charging stock is sprayed. The sudden cooling 
reduces the formatioh of carbon to a very small quantity, about 
1 lb. per 1,000 gallons of gasolene produced. The chafging stoCk 
is thus preheated and flows by gravit}^ into the bottom of the first 
fractionating column, mixes with the reflux and thence to the hot 
oil pump which feeds the pipe-still. * 

The vapour from the converters enters tjie first fractionating 
tower, which is 35 ft. high and 6 ft. dia., S.nd fiUed with tray baffles; 
it has a smaller reflux tower, 15 ft. high on top. The rellux tower 
is designed as a steam generator and more low-pressure steam is made 
here than is required ^throughout the plant. At the same time 
the vapour is cooled to give the* required end point spirit. 

The fuel heating system of the process is novel. The pnncipal 
combustion takes place m the converter furnace where waste gases 
from the process are burned, producing a temperature approxi- 
mately 1,700°C Before coming Into contact with the cracking 
tubes, these gases are mixed with gases at about 30O‘’C. The flue 
gases leaving the converter are still at, roughly, 750°C., and are 
drawn by a fan through the pipe-still heating chamber, 50 per cent, 
of the gases circulate back to the converter again, the balaijcc going 
up the stack and serving in their passage to superheat the steam 
produced f)y the fractionating tower. 

The fixed gases, amounting to 40 to 60 cu. ft per gallon of gaso- 
lene made, are scrubbed for gasolene rjecovery before being used 
as a fuel. 

The Knox Process 

This process lias been developed during the past eight years by the 
Petroleum Conversion Corporation, which holds the Knox patents. 

A large scale plant capable of producing 2,000 barrels of gasolene 
daily is in operation at T^exas City.^^ 

The special feature of the Knox plant is the method of applying 
the heat. The gas produc ed in the cracking of the oil is recirculated 
in the system after being heated by means of a battery of hot blast 
stoves. No cracking heat is supplied through metal contcuners. 
The charging stock is vaporised in a pipe-still and the necessary heat 
for cracking is transferred to it while entering tiie cracking chamber 
by the gases from the stoves, the temperature of this gas being 
regulated before entering the cracking chamber. 
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The fresh charging stock is pumped into the top of a bubble cap 
fractionating tower and passes together with the reflux to the pipe- 
still. The vapour from the pipe-still enters the top of the first of a 
series of cracking chambers and mixes with the hot gases, which are 
maintained at 600 to 620°C. This rapi(^y raises the oil vapour to 
cracking temperature. The cracked gas ai^d vapour leave the 
laSt reaction vessel at about 495°C.. and pass by way of heat ex- 
changefs to the fractionating tower and condensers. The con- 
densate flows to receivers whilst the gas is scrubbed for gasolene 


recovery. The stripped gas' returns through heat exchangers to 



The Leamon Process 

The Leamon process^* is one of the few that have been running 
commercially for some years. The plant consists of a charging 
tank, into which the reflux oil from the frSetionating column returns 
to mix with raw oil. This mixture is pumped through a heat 
exchanger to the lower heating coils of a Foster oil heater. From 
this part of the heater the oil and vapours pass out into a tar drum 
whert the extremely heavy oil, which cannot be vaporised, is 
condensed and autojnatically allowed to escape to storage. The 
vapour re urns to the heating clement where it is raised to as 
high a tern )craturc as possible without esn-bonising the tubes, and 
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thence into a catalytic chamber, containing the catalyst, which 
is claimed to control the composition of the product and reduces 
the time of reaction. The vapour next passes through a heat ex- 
changer into a fractionating column, thence it is condensed, j 
the refliA returning to the tank feed. The percentage of gasolene 
in the overhead corjiensate can be controlled at will, and usually 
is between 70 and 90 per cent. The gas still uncpndensed^ is 
freed from mist in a separator, and flc^vs through a venturi tube to a 
gas recovery plant, where the last remaining fraclions of gasolene 
are recovered. , 

The stripped gas returns to the furnace to supply heat to the 
Foster tubes. The differential pressure; produced by tjie passage 
of the gas through the venturi tube is employed to control the 
amount of fuel passing to the furnace. By maintaisiing a constant 
flow of gas the cracking reaction is maintained at a constant rate 
regardless of the composition of the cracking stock, and the human 
element, in determining the correct temperature and maintaining 
it, has been eliminated. 

The yellow naphtha obtained in this way is treated, redistilled and 
blended with the spirit "recovered from the gas. 
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ZIJSAMMENEASSDNG 

Das Cra(^cn ist von .soldier Wichtigkeit geworden und die Literatur danibcr 
hat so grosse Aiismasse angenonimen, dass es nur moglich war, einen kurzen 
Umriss davon zu geben * 

E.s wird vcrsucht, einen Dberblick zu geben uber den gegenwartigen Stand 
dcs Crackens, uber die Entwicklungsursachcn der modernen Veilahren, uber 
die Sclnvicrigkeiten, auf die nfkn beiin Ba« von Anlagen gestossen ist, und 
liber die Erfahrungen, die auf cxpcrimentellem Wege aus Anlass der Ausar- 
beitung der modernen Verfahren gesammelt wurden, 

Es wird auf gewisse Verfahren hingewiesen, denen wieder erneut Aufmerk- 
samkeit zugewendet wird und denen eine gewisse Zukunlt vorausgesagt 
wird, sofern es gelingt, sie zur Herstellung von (iegenklopfinitteln und andern 
als Brennstofi nicht gecigneten Produkten heranzuzichen 
In kurzen Abschnittcn uber Anlage und Bptrieb der hauptskchlichsLen 
heutzutage gebrauchlichcn Verfahren wird auf die fundamentale Ahnlichkeit 
in der Konstruktion hingewie.scn, die sich allmahlich bei alien VerfaJiren, aller- 
dings unter Beibehalt gewisscr mdividucllcr Charakterzuge, ergeben hat. 
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Introduction 

• 

It will be noticed from^ the title of this paper that k concerns 
matters coming within the scope of the user of fuel oil as com- 
mercially marketed. It is not proposed, therefore, to deal with 
problems of oil companies at their own installations or refineries, 
except in so far as they have plant similar to that of the ordinary 
user. An outline is given of the appliances and methods involved, 
which will follow on the lines of many fluids wjiich have to be 
handled in*industry, and it will be necessary only to emphasise those 
particular points which differ when a liquid fuel is used, as distinct 
from water or other fluids. 

Grades of Fuel Oil 

To appreciate the problems we have to deal with, it is necessary 
to review the general properties of the different grades of fuel oils 
which are likely to require handling. It would be entirely beyond 
the scope of this paper tj) analyse the numerous specifications in 
detail, since from the point of view of handling and storage, only a 
few of the characteristics affect the plant. It is, however, necessary 
to bear in mind that the word "fuel oil" covers an immense variety 
of petroleum products, very rarely appreciated by the averagt^user. 
There is also a great deal of confusion due to loose semi- technical 
descriptions, such as "'light and heavy fuel •oil," "residual oil," 

"furnace oil," and so on. 

■ 
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Whatever further sub-divisions may be applied, it should be 
explained that as far as this country is concerned, oil fuels are 
marketed in three distinct commercial categories, viz .\ — 

1. Gas oil. 2. Diesel oil. 3. Fuel oil. , 

Unfortunately, from the technical point Of view each of these names 
is still open to criticism. All three can be looked upon as "fuel oil;" 
"gas oil" makes an excellent fuel for a "Diesel" engine; "fuel oil" 
can be used successfully on certain types of "Diesel" engines; 
and "Diesel oil" is frequently required for certain typ^s of 
burners. 

At first sight, classif? cation according to gravity would climSinate 
the above uncertainty. Under this classification the following v^ould 
generally hold. — 

Specilic (iravity Hoiiiiint* 

('•as oil 84 to 8() , to 32 

I lu'sel oil . 80 to, 9(1 32 to 2T 

1' Lid oil .. -88 to -90 29 to 16' 

However, other characteristics of the oils are found to widen each 
group until the gravity consideration alone becomes unreliable. 
For instance, one can have a distillate with a specific gravity of 
0-89 having a viscosity of 40 secj. Redwood No. 1 at 100°F. and 
only 100 secs.' at 40 'F., as against a residual fuel oil of 0-88 
specific gravity having a viscosity of 80 secs. Redwood No. 1 at 
100°F. and 13,200 secs, at 40°F. Again, even in the regions of 
re.sidual fuel oils only, we have an Eastern fuel, such as Tarakan, 
which has a specific gravity of 0-94 at 60°F., but a viscosity of 
only 90 secs. Redwood No. 1 at lOO^’F., whereas most fuel oils with 
a specific gravity of 0-94 would have a viscosity of 600 secs. 
Redwood No. 1 at 100°F. or over. 

Having already used the expressions "distillate" and "residual 
fuel," it might be explained that these expressions again provide 
another general classification. A distillate may range from a very 
light oil which is almost a kerosene to quite a heavy product as 
obtained in the process of lubricating oil manufacture. Similarly, 
some Eastern residual oils are almost eqdal to refined distillates in 
characteristics, and make excellent Diesel fuels even for compara- 
tively small engines. 

One could multiply almost indefinitely the details of a specification 
for fui*! oil in order to gel a clear indication of its characteristics, 
but although it might be necessary occasionally to have a complete 
analysis as a guide to the application of that fuel under very special- 
ised conditions, it must be borne in mind that each added item 
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limits the range. T)T)ical specifications- of the three commercial 
grades mentioned would be as follows; — 

Gas oil. Diesel oil. Fuel oil. JFuel oil. 

Specific Gravity at ( 1 ) (2) 

60°F. #. ...• -sv ae -as/ oo 92 95 

Flash point (closed ‘ , 

test) Over ISO^F. Over 150°F. Over 150”F Over ISO^F. 

Viscosity Redwood 

No. 1 at 100“F. 38/40 40/50 200 ' 1,500 * 

Water ... ... Nil Nil • Under 0-5% Under 0-5% 

Ash ... ... Under -01% Under -01% Under 05% Under 0-1% 

Hard asphalt . . Under -1% ■ 1 to -5% 4 to 6% 6 to 10% 

Conradson value Under 1% 1 to 5%^ 2 to 6% 4 to 8% 

Cold test... .. Below 0°F Below 0°F Below 32'’F. Below 32°F. 

Storage * * • 

(а) General. 

One of the most important advantages in the use df fuel oil is the 
ease with which it can be stored and handled, particularly where 
conditions for solid fuel would be impossible, e.g., the double bottom 
of a ship. In land installations fuel oil can be stored in tanks either 
in the open, buried underground, or on any floor c^f a factory. 

(б) Safety. ^ • 

Before passing on to details, there is one point which should be 
emphasised. We are dealing e^Jclusively with products which are 
extraordinarily safe from the point of view of fire hazard — much 
safer in fact than most people realise. Referring back to the 
commercial specifications, it will be seen that as far as fuel oil grades 
in this country are concerned, even the lightest, gas oil, has a 
closed flai^i^i point of over 150°F., and most fuels marketed, including 
gas oils, will be found to have their flash points at 170'^F. and over. 
It is well to bear in mind, when comparing with American practice, 
that the light and medium “fVirnace" oils there are specified to have 
flash points as low as 1 10°F. in the one case and 125°F. in the other. 

In Great Britain, therefore, the storage of fuel oils does not come 
within the scope of the strict regulations of the Petroleum Act, 
which refers only to comparatively volatile oils with a flash point 
below 73°F. It can also be appreciated why in America, parti- 
cularly New York City, "there arc fairly stringent storage rules, 
including the compulsory burying of all tanks in town areas, since 
some of the so-called " fuel" or "furnace" oils are nominally kero- 
senes. 

The use of oil fuel for heating modern buildings is increasing 
rapidly in this country, and the problem of w^at can be considered 
a safe method of storage sometimes exercises the minds of those 
responsible. The author has no hesitation in stating that, with 
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very reasonable precautions, a fuel oil storage tank may be placed 
above ground and even above the burner plant, without increasing 
the fire hazard to any appreciable extent. The basement is a 
very convenient position in which to have storage tanks\ placed 
in similar recesses to those usually provided for solid fuel. Most 
burner plants can be fitted with a small puirp which continuously 
diaws oil from the storage tank, whilst in a gravity fed burner 
system a pump can be used* to fill a small service tank as occasion 
demands. 

As a general rule, the autlior is strongly averse to the buried 
storage tank for fuel oil. The chief argument for burying a fuel 
tank (apirt from the extreme case, where there is no other Wpace 
for it) would appear to lie in the fact that the oil could not overflow 
if a leak occurred, or if something went wrong with the plant! con- 
nected to it. Such a tank, however, would always need a p\imp 
and the same possibility still exists of the pump continuing to run, 
in spite of something untoward happening elsewhere. In fact one 
can multiply the precautionary measures unduly, especially when 
it is considered that the modern oil-burning plant of the automatic 
type has usually a reasonable combination of safety devices to shut 
it down if it dpes not function correctly. 

rhese remarks arc not meant to imply that quite reckless measures 
can be taken over fuel oil storage, but as the author has met rather 
more utiduc nervousness than the opposite, he has thought it fit to 
lay stress on tl^is aspect. A few of the most important general 
precautions from the point of view of safety can be' stated as 
follows : — 

(1) It is usually desirable when placing a storage tank within a 
building, lo .surround it with a reasonably oiltight catchpit capable 
of liolding a minimum of, say, 80 ])er cent, of tlie contents of the 
tank, as a safeguard against a serious leak or the fracture of a valve. 

(2) A vent pipe should always be fitted to a lank, of .such a size 
as lo allow rapid filling without undue pressure building up. The 
vent pipe should be led into the open air and have the end covered 
with gauze. 

(3) Tanks in exposed positions where sharp frosts are likely to 
occur .should have main valves of cast steel, preferably lagged. 
Bends, tees and similar fittings under the same circumstances are 
better of wrought iron or cast steel. Cases have arisen where 
pockets of water l^ve settled out in valves or fittings, which 
have cracked in severe frosts. 

(4) On comparatively large storage tanks (say, 100 tons capacity 
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and over), a valuable safeguard against the fracture of the main 
stop valve of the tank, is to have an internal foot-valve which can 
be operated by links from the outside (Fig. 1). 



(5) For large storage tanks on very poor or waterlogged founda- 
tions, it is very desirable to have a flexible coiincction in the main 
pipe line leading from the tank. 

(6) Gauge glasses shouM not be used on storage tanks of any 
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magnitude. With suitable precautions, heavy gauge glasses may 
be used on small service tanks, but these should be carefully pro- 
tected from damage. 

The above represent special safety measures in the storagfe of fuel 
oil, but other items to be dealt with later under handlin’g, heating 
and transmission, may have safety aspects apart from their main 
technical significance. The author has also omitted special refer- 
‘ ence to marine practice, since ‘the whole subject is excellently 
covered by Lloyd's Rules for the Burning and Carrying of Oil Fuel. 
(Section 49, page 62.) r / 

(c) Types of Storage Tanks. | 

It is not proposed to giv«e in this paper any of the usual statistics 
for capacities of different sizes of oil storage tanks, since in alll cases 
the calculations can be made from simple mensuration. \ The 
general features of different groups are deajt with as follows:-\- 
(l) Large vertical cylindrical steel tanks, as used by oil companies 
themselves, are frequently installed by users who may find it advan- 
tageous to receive bulk supplies from tank vessels or barges. This 
type of tank would be advisable for capacities of, say, 100 tons and 
over. The general constructional features can be seen from Fig. 2, 
which represents an exceptionall}^ large tank from the point of view 
of the user, VIZ., 64 ft, dia. by 29 ft. 6 in. high. 

A swing pipe is shown, but is hardly necessary unless the user 
wishes to blend different grades or draw off from any special layer. 
It may, howevqf , be looked upon as a safety device, since it can be 
lifted clear of the oil if the main valves were to fracture. In that 
case the previously mentioned foot valve would, of course, be a 
refinement. 

It will be seen also that the tank fias only one main 8-in. outlet 
connection. For the average user it is sometimes advisable to have 
two master valves and the corresponding stools, since it simplifies 
the manifolds and enables him conveniently to draw supplies from 
a tank even while it is being filled by the supplier. 

A typical installation arrangement for a large works in this country, 
with three vertical cylindrical tanks, eSlch of 40 tons capacity, is 
shown in Fig. 3. 

Quite a satisfactory type of foundation for a tank of this nature 
is well-rammed aggregate or broken brick, of a depth depending on 
the Sature of the soil, with a top layer of 6 to 9 in. of fine sand for 
the bottom plates rest on. A neater arrangement, of course, is 
to lay a reinforced concrete raft and place the sand on that. Where 
the nature of the ground is such that it will not stand the requisite 
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load per square foot, the usual special precautions are required 
in making up suitable sub-foundations. 

It is advisable to let a large tank settle down on its foundations 
after filling it with water, this being particularly necessary if 
there is any doubt about the foundation^. The subsidence (if any) 



of the tank should be measured from day to day until it becomes 
negligible. 

The four large manholes, two on the circumference and two at the 
top, Shown on the drawing (Fig. 2) should be particularly noted, 
likewise the bottom^drain valve. 

(2) Subsidiary Tanks. Apart from the main tanks described in 
the previous paragraph, we have many varieties of smaller tanks 
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for users who would take rail tank car or road wagon deliveries. 
These would range from the 3-ton tank of a central heating installa- 
tion at^a private house to, say, 40 tons at a works. 

Steel cj^lindricai or rectangular tanks are by far the best suited 
for this purpose. For the former, an old boiler shell with the 
necessary alteratioiis'will often serve excellently. The rectangular 
tank must be carefully stayed injernally. and the supports must’be 
sufficient in number not to, throw undue stresses on the bottom. 

To reduce cost, the shell of a steel tank can be reasonably thin, 
if due regard is paid to the methodP of support ^ The cylindrical 
tank with dished ends, if correctly designed , should need no internal 
staying. A large tank, 30 ft. long by 9 ft. dia.,^ holds about 40 tons 
of fuel oil and may be of J-in plate only on the body, with fths 
thickness on the dished ends. These dimensions apply to the tank 
resting horizontally. There is no objection to using deep cylindrical 
tanks on end, but allowance should be made for the greater stresses. 

Where tanks have to be placed in ba.seinents of buildings, and there 
is no means for getting a complete tank on to tiie site, sectional 
rectangular tanks are vary convenient. These’ are usifally a little 
more expensive than the ordinary tank. The joints may be made 
with lead strips caulked in, or with a special oil-iesi.sting cement 
Tanks are occasionally installed under similar circumstances by 
weld ng them up on site The obvious objection to this is that 
they would need cutting uj) if removal were necessaiy at a later date. 

Riveted^ tanks in these comparative!}’ smaller sizes are being 
gradually replaced by welded ones, the advantage of the latter 
lying in oil tightne.ss. Oil is extremely searching, and badly filled 
rivet holes .show up very quickly in annoying leaks which are almost 
impossible to make good This ahso applies to seams on thin walled 
tanks. It will be noted that Lloyd’s Rules lor ships’ tanks to 
contain oil insist on double riveting. Particular care is necessary 
in the construction of pads for outlet or drain on that portion of the 
tank subjected to the full head of oil. Such pads should always 
be reinforced by a backiyg plate, and as an added pirecaution against 
leakage, pad and backing plate may be welded to the tank plate 
Large manholes flat on the sides of rectangular tanks should never 
be used in the manner commonly seen on domestic water tanks — 
they almost invariably cause an irritating w^eep of oil wljich no 
jointing or tightening of nuts will eliminate. 

Concrete tanks can be used for fuel oil, !iut very great care is 
required in construction. It is essential to have a special facing 
of material, impervious to oil, on the whole internal surface. This 
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is due to the disintegrating effect of oil on ordinary concrete. There 
are a number of proprietary cements on the market which can be 
used as a rendering and, from the author's experience, mostiof these 
are quite satisfactory when applied under the makers' gu^Mance for 
a facing of about J to 1 in. thickness, according to size. 



Fig. 4. Small concrete fuel oil storage tank. 

No concrete tank, however carefully rendered on the interior, will 
stand ^il storage, if the foundations are unsound or if the general 
construction is such that cracks are likely to occur It is, therefore, 
necessary to choose a^ite and construct the tank carefully from this 
point of view. A typical small concrete storage tank is shown 
in Fig. 4. • 


728 


GREAT BRITAIN: STORAGE, HANDLING, & TRANSMISSION 


The author has already referred to the buried storage tank as being 
objectionable. This is chiefly on the score of accessibility for 
cleaning^ and drainage. Where, however, there is no alternative, 
a tank may be buried in the ground, but it is advisable to give the 
outside two good coats of .bitumastic paint. The soil should be 
examined for excessive free acid, since very rapid corrosion has 
been known to occur where seepages from chemical licfuids have 
reached the buried tank. buried tailk should also be laid with a * 
slight fall to one end, and a suction pipe led down to the extreme 
bottom comer at this end, so that any i^ccumulation.of water can be 
pumped out. Well-fitting covers should be provided over inspection 
or dip manholes, to prevent the entry of 'dirt and rain. The ideal 
arrangement for a buried tank is to build a brick or concrete pit 
sufficiently large to take a steel tank, and yet allow sufficient room 
all round the latter for .inspection and occasional draining. 

The small gravity service tank "should present no difficulties, and 
it is usually convenient to fit this up on a light steel trestle. A 
typical arrangement is shown in Fig. 5. As sucK a tank would 
usually be pumped up frpm a distance, it is advisable* to fit an 
overflow pipe to return excess to the main storage tank. A useful 
arrangement sometimes, when pumping into service^ tanks from a 
distancte, is to have a float operated electric bell, wired to ring at 
the pumping point. 

Handling 
(1) Heating. 

Fuel oil is heated with the following objects: — 

(а) To reduce the viscosity for pumping purposes. 

(б) To improve the burning characteristics in a furnace or 

engine combustion chamber. 

(c) For cleaning purposes to facilitate water removal by 

settling or centrifuging. 

The amount of heating required will depend on the grade of oil. 
Generally speaking, gas oil and Diesel oil can be handled cold under 
nearly all conditions, for the viscosity, even at 0°F., rarely exceeds 
1 50 secs. Redwood No. 1 . It is also not improved to any appreciable 
extent by heating for burning purposes. In fact, there are cases 
where any attempt at heating would cause difficulties due to gas locks. 
The same remarks apply to most commercial Diesel oilst but 
a comparatively heavy distillate is sometimes, supplied under this 
designation, and if it is to be stored or handled in exeptionally cold 
weather a little heating may be advisable. 
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Even heavy fuel oils can be handled quite cold as far as pumping 
is concerned if due provision is made, but - naturally the limits 



■y*sc o$jTY C uR^^roR 200 SEqs F uel Oil 


Fig. 6. TcniperaturL* viscosity rurve of typical Iiglit luol oil, 

■» 

between which this can be done are comparatively narrow. It is 
still generally advisable to heat the oil if only to save power, and 

, 731 



LIQUID FUELS 


in any case final heating will nearly always be necessary to improve 
the burning qualities. A typical viscosity-temperature curve for 
a light fuel oil is given in Fig. 6, and for two heavy grades ot Mexican 
fuel oil in Fig. 6a. It will be seen how rapidly the viscosity rises 
at temperatures below 100°F. '» 

Regarding methods of heating, the most cofnmon is to use a steam 
6oil inserted in the storage tar|jk, which can be supplemented by 
line locators or steam coils in service, tanks according to the con- 
ditions prevailing On a large installation the main storage tank 



Fip. (iA. Temperature viscosity cuives for two heavy grades of fuel oil. 

would be only lightly heated to a convenient pumping temperature, 
depending on the grade of oil used and the section or delivery head. 
For this purpose a flat grid coil* or system of coils is used, placed 
as low down in the tank as possible, A typical arrangement is 
shown in Fig. 7. The amount of heating required being usually only 
moderate, a rough approximate figure is about 0-3 sq. ft. of steam 
coil Tieating surface per ton of oil for large tanks of 1,000 tons 
and over, increasing to, say, 0*5 sq. ft. per ton for smaller sizes. 
It is not advisable to use these low figures for very viscous oils in 
exposed positions, where temperatures Ijlgher than I00°F. require 
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maintaining, or where a rapid heating up is required. In all such 
cases the coils should be definitely designed for; the specific purpose. 

Unfort’^nately, there is very little accurate information on the 
overall hejjt transference coefficient for a steam coil in a tank, where 
the oil has no definite velocity. The author has found, however, 
that a safe working factor is 20 B.Th.U.'s per square foot per hour 
per °F. difference. The specific he^t of fuel oils can be taken with 
sufficient accuracy at 0-5 for light oils down to 0 -45 for the heavier 
grades. It is, therefore, a comparatively simple calculation to 



determine the amount of heating surface required to raise so many 
tons of oil a given number of degrees in a given time. It is necessary 
to apply a correction for the heat lost through the walls of the tank 
by radiation and convection during this process. When large 
tanks are slowly heated up in the open, this heat loss may be of the 
same order per hour as that absorbed by the rise in oil temperature. 
The factor for the heat loss will obviously depend on the exposure, 
wind velocity, nature of tank surface, mean temperatures, and so on. 
A rough practical figure for approximate calculations is to take 
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1 B.Th.U. per square foot per hour per °F. difference between the 
oil and the outside air for temperatures up to lOO^F., increasing this 
generally with the temperature on the same basis as the losses from 
a bare hot water or steam pipe. , 

Apart from keeping oil at a moderate temperature in mam storage 
tanks, there arc many applications where fuel oil requires heating 
preparatory to burning. In such cases this is economically carried 
^ out in line heaters placed cldse to the goint at which the oil is to be 
used and designed for the quantity which is to be dealt with within 



Fig 8 Higli-pressiirc oil fuel heater. 

flash point, say up to 160°F , an effective oil heater can be con- 
structed on the lines of a feed water heater for boilers. It usually 
takes the form of a cylindrical vessel inserted in the oil-pipe line 
with a steam coi] inside the body, the amount of steam coil surface 
required being calculated on the same 'oasis as mentioned above. 
Such heaters should always be provided with a drain cock at the 
lowest point for water, a vent cock at tlie highest point to release 
separated air or oil vapour and, of course, a thermometer. It is 
very Uesirablc to fit the heater with thermostatic control, especially 
where steady flow to an oil burner is required. There are quite 
a number of effective thermostatic valves on the market, which are 
usually direct acting on the steam supply .to the coil. 
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For mechanical atomising burners, with viscous fuels where a 
high oil temperature is required, exceeding the flash point, it is 
necessar;y not only to provide ample heating surface, but the oil 
should be jUnder pressure while it is being heated. The heaters in 
this case have the oil comstrained to pass through tubes in two 
passes, with the stealn space surrounding them instead of the 
reverse method described above. ^ A typical heater of this type, 
used in conjunction with the Wallsend system of pressure oil burners, 
is shown in Fig. 8. The oil, being forced through positively, has a 
well-defined velocity, and hence the ov^erall heat transference co- 
efficient is distinctly better than in the case o^ a large body of oil. 
It is better, even in this case, not to take a higher factor than 
20 H.Th.U.’s per square foot per °F. difference, since a margin is 
usually required for special oils wlien a particularly high tempera- 
ture is wanted. The temperatures for which such heaters are 
employed vary from 130°F. to 3(J0“F. One must be careful not to 
overlook the fact that where these heaters may be used on a low 
pressure steam system, the high temperature sometimes essential 
cannot be attained. • • 

The author has only referred to very approximate rules for steam 
heating surface calculations where no accurate tecjmical data is 
available. Some good work is being done in this field by several 
experimenters, and for details of conditions which can be calculated, 
the reader is referred to “Heat Transfer and Evaporati9n,“ by 
W. L. Badger (The Chemical Catalog Co Inc.), ftiid a paper by 
F. H. Morris and Walter G. Wliitman on “Heat Transfer for Oils 
and Water in Pipes" (Ind Eng. Chem , 1928. 20, 234) 

The above so far has dealt with steam ojily as a method of heating 
oil, since this is probably the most common method m use. The 
author proposes to mention only briefly such other methods as are 
of practical interest. Hot water can be used in the same way as 
steam, and this is sometimes the only means available on hot water 
boiler plants or on engines where the cooling water may be pressed 
into service. Only moderate temperatures can be reached and the 
factor of heat transference is very low. 

Electricity can be used quite successfully for comparatively inter- 
mittent work, or as an auxiliary to another method for starting-up 
purposes. It is, of course, distinctly more costly in running expenses 
than steam. The cost of heating oil by electricity, say 100°F., would 
add approximately 3s. per ton to the price, with^ilectricity at Id. per 
unit. The usual type of electric heater consists of multiple-bladed 
resistance elements, wounS on mica or similar formers, and encased 
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in copper sheaths. It would probably be better to have these 
sheaths of steel, in order to resist any possible corrosive effect of 
sulphur in the oil. In the author’s experience, however, the heater 
blades fail under continuous use, due to the accurpulation o^ carbon 
on the outer surface, which, resulting as vt does in a high temperature 
gradient through the metal, bums it out. Itds essential to remove 
eksctric hekters periodically for inspection and cleaning. Where 
electric heaters, can be used' for auxiliary purposes intermittently, 
they are very convenient and can be fitted readily with a thermo- 
static cut out. . * I 

In many furnace installations, oil is preheated by taking advan- 
tage of the immense amount of waste heat usually passing Wway. 
Great care is necessary in making the necessary provision, and it is 
generally not advisable to do more than pick up some heat from a 
furnace crown or side walls by running the oil line in proxi\nity 
thereto. The difficulty with this 'method, and others of a similar 
nature which rely on direct radiation from a furnace, lies in the 
variable temperature which is likely to be attained. 

Direct firlid gas heaters arc sometimes vsed, but these should be 
restricted to starting-up appliances only. 

(2) Cleaning a^J^d Drying. 

All commercial fuel oil grades are likely to contain water varying 
from a trace to perhaps 1 -0 per cent, in heavy bunker fuels. Even 
when delivered free from water, exposure of tanks to rain water 
or the ordinary^ humidity of the atmosphere will cause a small 
accumulation. It will be realised that in a storage tank without 
any special provision, such water, however small the quantity, will 
accumulate until quite q considerable amount settles to the 
bottom . 

It is interesting to point out that water completely emulsified with 
fuel oil causes no difficulty in burners or similar devices, in fact 
emulsions containing up to 50 per cent, of water have been used 
successfully for boiler firing. It is only when free water is likely 
to come through in intermittent spurts ^that very serious trouble 
may occur. One should not, therefore, rely on the emulsion remain- 
ing unbroken, and it is better to encourage the water to settle so 
that it can be removed. 

In conjunction with water, every fuel oil without exception will 
tend to throw down, sooner or later, a quantity of "sludge." 
Such sludge usually 4orms very slowly indeed, and the average user 
will overlook it until it gets to a sufficient quantity to come over 
with the oil. The result is usually a comI)laint to the oil supplier 
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that the last load was badly contaminated. It is preferable to keep 
drawing off water and sludge from the bottcims of tanks at, say, 
monthly intervals, with a complete emptying and cleaning out every 
year. 

The provision of strainers is very desirable in keeping down the 
tendency to sludge foAiation, since particles of foreign matter seem 
to act as nuclei in the process. Foot valves with surrounding 
strainers should not be used* with fuel oil, since they are liable to 
get choked in time. It is better to have a fairly coarse strainer on 
the delivery line to the main storage' tank and filler strainers on* 
individual service lines. So called “Duplex ' strainers are an 
advantage, since one can be used while the other is being cleaned. 



Fip. 9. Typyral duplex (Pil filter. 

A typical design is shown in Fig. 9. A straight-through strainer 
for comparatively large pipe lines, where the duplex type would 
be too costly and cumbersome, is illustrated in Fig. 10, and has 
an easily removable bolted cover for getting at the strainer casing. 
The latter is also capable of being tightened up against a jointed 
face to prevent leakage. An intere'sting new strainer which has been 
found successful for fuel oil is the "Auto-Klean," illustrated in 
Fig. 11. It has the advantage that cleaning can be effected at any 
time from the outside by the turn of a handle. 

The centrifuging of fuel oil is undoubtedly the most successful 
method of obtaining a thoroughly clean and dry oil for such appli- 
cations where this is essential. To be thoroughly effective, the oil 
requires heating to as hfgh a temperature as possible below the 
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Quite a reasonably effective combination is ordinary white cotton 
packing steeped in soft soap. This latter material has a curious 
hardening effect under the influence of oil, which thus n^kes it 
suitable for this purpose. The author h^ also fdund th^ proprie- 
tary "S.E.A." rings very effective and durable. These rings are of 
“U'’ section after the manner of hydraulic le'athers and thus have 
^a “certain self-sealing action und^r pressure. 

(4) Megisuremcnt of Oil. # 

With the exception of gas oil, fuel oil in this country is sold by 
the ton. For checking deliveries, therefore, by far the most effective 
method, in the case ofrf-ail cars or road wagons, is to pass the vehicle 
over a weighbridge Jbef ore and after discharge. Where this ii not 
possible the rqgthod of tank dipping is probably the most reliable, 
particularly for the vertical cylindrical tank. It is desirable, there- 
fore, to calibrate a main storage tank very» carefully as soon as it 
has settled down on its fundations. As a dipping tape can be read 
quite easily to the nearest 1/lOth of an inch, or even less with care, 



Fjg. 1 1a. Self- tightening pipe union. • 

the error on large deliveries even in big tanks is not likely to be great. 

Small tanks of awkward ^apes for ^calculation purposes may be 
calibrated by filling with standard measures and engraving a suit- 
able dip rod or tape, but a cumulative error is liable to occur unless 
this process is carefully carried out. Although it may appear very 
tedious, it is sometimes a quicker and more reliable method than 
working out the calculations. 

The "Pneumercator'" is a very convenient method of measuring 
oil in tanks or checking against some other method. It can be 
described briefly as a diving beU device with a sharply defined over- 
flow placed at a fixed point on the bottom of a tank. The trapped 
air tr^smits a pressure to a mercury gauge, equivalent to the 
head of oil above the fixed overflow level of the diving bell. To 
ensure that the oil imthe latter is always at the same level, the air 
system is pumped up before a reading, and on a small installation 
this can be done with a few strokes of a*hand pump. Since the 
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mercury column balances a definite head of oil, the gauge, if cali- 
brated in tons, will require no correction for specific gravity. This 
is an Exceptionally valuable feature for oil where specific gravity 
changes! can be quite considerable, either with different deliveries 
or due to temperature changes. A diagram showing the arrange- 
ment of such Instruments aboard ship in connection ^ith double- 
bottom tanks is shown in Fig. 42. ^Without detracting from tht 
enormous advantages and Convenience of this instrhment, and those 
of similar type, it must be remeir^ered that 1 ft. head of oil 
has to be read approximately on the equivalent basis of 0 8 in. 
mercury. What would appear, therefore, as^quite a coarie accuracy 
of 1/IOth in. on the dipping tape, requires aft equivalent reading 
to -0067 in. on the gauge. Where such accurat:y is required, 



however, a specicdly wide mercury column can be had with a vernier 
scale, so that it is equal to a barometer in this respect. With such 
an arrangement the makers claim to be able to read to 002 in. 
On the whole, these instruments are in the author's opinion very 
satisfactory indeed. • , 

The oil meter in its many varied commercial forms is an excellent 
instrument for checking consumptions at various points in a works. 
Most good-class makers will guarantee the accuracy to within plus 
or minus 1 per cent. It is essential to have a meter of the jvsitive 
displacement type. The internal parts should be of close-grained 
cast iron, special alloy steel, or aluminium, to fesist the action of oil. 
The author does not consider that even the most accurate meter 
can take the place of direct weighings or careful tank dips on bulk 
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deliveries, but it is excellent as an approximate check. Being 
strictly volumetric, a correction has to be made for specific gravity 
to convert to tons, and care must be taken against false refcidings 
due to occluded air or vapour. i 

The most marked value of the oil met*er, however, which is not 
readily givQu by other methods, is in operative control of furnaces 
Us a check on consumption. •Even with a comparatively high error 
of 2 pet cent., fhe variations in consuAiption can be noted under 
different conditions and the^^results of improvements or careless 
operation detected. 

• 

Transmission r . 

It would be ^mtirely beyond the scope of this paper to give a 
detailed account of the many different kinds of pumps which c^ be 
used for the transmission of oil. is only hoped here to touch on 
the practical considerations in laying out a pumping plant to deal 
with fuel oils according to grades. The question of gravity trans- 
mission as (^istiiKf t from pumping resolves itself purely into a mathe- 
matical calculation, which will be dealt ^fith in outline later. 

The pumps used for fuel oil may ^c of the following types; — 

(1) Steam reciprocating of the single line or "duplex" type. ! 

(2) Single, double or treble barrel plunger pumps (belt or gear 

driven) . 

(3) Posi'eive rotary pumps. 

(4) Hand pump*s, rotary or semi-rotary. , 

There .is no reason why the centrifugal pump should not be used 
for the very low viscosity oils such as gas oils, provided the 
pumping conditions are such as would allow the u.se of this 
type with water. It is advisable, however, when putting down 
pumping plant for fuel oil to allow for the worst conditions, 
particularly the highest viscosity likely to be attained under given 
weather conditions. It is not often, therefore, that the centrifugal 
pump can be used for fuel oils of even the lighter grades. 

(1) The direct steam -operated piston p»amp is still very largely 
used for fuel oil, particularly the heavier grades. It has the advan- 
tage of simplicity, ease of operation and comparatively low initial 
cost. When kept in proper adjustment, a good vacuum can be 
dealt ivith, and on the score of reliability under exacting conditions 
this type is hard to equal. It suffers, however, from one serious 
drawback, viz., the Seavy steam consumption. As is well known, 
the average steam pump operates with gractically no expansion 
on the steam in the smaller sizes, and even where cut-off is provided 
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it is not possible to make it very early. Compounding has been 
used with success in the larger pumps, but for the average user the 
expense would be hardly warranted. Where, however, steam i 
pumps san be fitted, so* that it is possible to absorb the exhaust 
steam on process work, tfte heavy consumption ceases to be such 
a serious dra^^^ack. , ^ 

The author has attempted to ©btaiji some general approximatcf 
formula for the steam cons*iimption per ton of oil,’ but ther results 
vary considerably with the type of puyip, the grade of oil, the steam 
and oil pressures. A very rough formula is — 

5 = 0-4 P\V, 

where 5 is the steam consumption in lb , P tluf total pressure head 
(suction and delivery) against which the pump wc?rks, and W is 
the tons of oil pumped. This formula must not be looked u|X)n 
as being mathematicaBy accurate to any degree, since the results 
of the formula may be easily 100 ^ler cent, wrong on low pressures 
with incorrectly proportioned cylinders. It is also meant to apply 
to the ordinary steam duplex pump only withojit*expaiisive use of 
the steam. A still more* simple figure to bear in mind, just for a 
very rough general guide, is "30 lb of steam per ton of oil when 
delivering at, say, 75 lb. pressure." Most well-designed steam 
pumps will give consumptions well below this amount, but it gives 
an upper limit in tentative estimates. 

For compound and triple-expansion steam pumps und«?r special 
duties, tlje following figures are quoted. — 

"Pump end 8-in. dia. 

Steam cylinder 22-in and 38-in. dia. 

All 36-in stroke. • 

The above pumps were of the compound tandem direct-acting 
type, each to deliver 8,000 gallons per hour at 14 J D.S. per 
minute against 1 ,000 lb. per sq. in. pressure when supplied with 
steam at 120 lb. per sq. in. 

Steam consumption 49 lb. per B.H.P. per hour. 

Triple-expansion tahdem pumps are supplied as follows: — 
Pump end 10-in. dia. 

Steam cylinders I6i-in., 25-in. and 38-in. dia. 

All 30-in. stroke. 

Each pump to deliver 8,700 gallons per hour at 12 D.^. per 
minute against 600 lb. per sq. in. when ^supplied with steam 
at 150 lb. per sq. in. 

Steam consumptioai 33 lb. per B.H.P. per hour." 

For oil fuel the steam duplex pump should have distinctly different 
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characteristics from that supphed for water. The pump pistons 
•should be of close-grained cast iron and the pump rods should be 
steel instead of the more common bronze. Pump cylinden* liners 
are preferably of gunmetal. The valves should be of ample (irea, the 
best types having these arranged on tWo decks with removable 
plj,tes and ample inspection doors. An air vessel on the delivery 
iside of the pump is always de^rabLe, except in the very smallest sizes. 





Fig. 13. Po.sitive rotary pump (Feuerheerd principle). 

c ^ - 

(2) For cases where types of prime movers are available other 
than steam, the barrel plunger pump, arranged with suitable gearing 
or belt drive, is eminently suitable for oil, particularly at high- 
deli vq^y pressures. Increasing use is being made of these pumps 
driven by oil engines, which latter are frequently far less costly 
to install and operate than electric motors. For small pumps in 
localities where electricity is cheap and the running of expensive 
cables is unnecessary, the electric motor forms a convenient drive. 
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In connection with the latter, however, the greatest care should be 
taken in choosing the switchgear. Owing Uo the heavy starting 
torqua usually required, except on the least viscous grades, the , 
switchggar must allow for gradual running up to speed, unless the 



Fig. 14. Diesel oil pressure pumps oa M/V '‘Christian Huygens.” 


mechanical equivalent of a slipping belt or clutch is provided. With 
A.C. current in particular, it is essential to Itave a slip-ring motor 
and a slow-motion variable-speed controlling resistance. The same 
remarks apply to the positive rotary pumps mentioned below. 
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(3) Positive rotary pumps are very successful for fuel oil even of 
the most viscous gratjes. As in the case of the barrel-plunger 
pumps, they are very conveniently driven through gearing, either 
by electric motor, steam engine or oil engine. 'Riese pupips are 
remarkably compact even for heavy duties, and as they can be run 
at comparatively high speeds the amount of geariug down is not 
jponsiderable. They give a very i^niform discharge and with worm 
gearing, can be -made almost noiseless. 

One of the leading makes js that on the Feuerheerd prii^ciple, 
which is illustrated in Fig. 13. An arrangement of two of I these 
pumps driren through <lvorci gearing by electric motors with vdirtical 
armature shafts is ohown in Fig. 14. (Diesel oil transfer pumps 
on M/V. "Christian Huygens.") \ 

For works installations it is becoming a very common practic\; to 
use small electrically-driven oil punips even for discharges of a few 
hundreds of gallons per hour where previously hand pumps would 
be employed. The saving in time and labour is very marked. 
Such punips can be used either for the periodic filling of gravity 
service tanks or for continuous feed to a system of furnaces on a 
range. In the latter case it is only* necessary to by-pass the sucrion 
and delivery lines at the pump through a spring-loaded enclosed 
discharge relief valve to obtain any desired uniform pressure on the 
oil supply. Where an oil heater is used on such a system it is 
necessary to hav^ a return circulating main from the most distant 
point, with a similar discharge through a relief valve into "the pump 
suction* or the storage tank itself. 

(4) Hand pumps of the rptary or semi-rotary type hardly need 
any comment, except that with very viscous oils the manual labour 
is apt to be quite considerable, and the normal pump capacity as 
compared with water very much reduced. They are useful, how- 
ever, on small plants where the occasional filling of a gravity service 
tank is all that is required. 

< • 

Pumping Calculations 

This subject would be comparatively simple if it were not for the 
enormous number of variations in the same generic formula, which 
is quoted under many names and complicated further by each 
authority using a different set of units. In addition, the different 
types of viscometers with their confusing relationships make 
matters worse. ' 
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The author has a preference for the simplest one, viz., D'Arcy’s 
formula: — , 


h = 


4/ 1 




• f 1 

with or without its ^omewhat crude appendage of the . 1 . 

• \ \2 d 


as a correction factor for diameter. “ • 

This formula is comparatwely simple in hydraulic problerps where 
the variations of viscosity with temperature are ignored, and where 
nearly all pumping i)roblems concerif flow m turtfulent motion with 
the square law for the velocity. On» need tjierefore 011 !^ remember 
a narrow limit for the friction factor -0(55 to (^1 and th^ results per 
100 ft. of pipe with different velocities of flow cijn be tabulated 
once and for all. 

With oil the problenPis distinctly more ditficult, but it is definitely 
amenable to solution in a more accurate manner than with the 
comparatively crude correction factors of the D’Arcy water formula. 

Exactly the same formula as (1) can be used, and it is only neces- 
sary to bear in mind Hiat the frictional coefficient ‘V ’’ can vary 
within very wide limits indeed. 

Osborne Reynolds first established that this fridtional coefficient 
is a function of the expression 


where c/^is the diameter, r the velocity of flow, or* the density and /x 
the absolute viscosity in any self-consistent system of units# When 

^ ^ ^ for any liquid or gas exceeds 2,50p, flow is turbulent, and when 

below 2,000 it is sinuous or stream hue, with an unstable condition 
between these two values. 

It will generally be found in pumping problems with viscous oils 
that the flow is nearly always in the stream line region, but it is well 
to have the factors for both conditions. There are quite a number 
of tables published by different authorities connecting the coefficient 

"/" of equation (1) with the value of ^ , but the author finds the 


one in “Handbook of the Petroleum Industry” — D. T. Day^ Editor 
(John Wiley) — under the statement by Prof. Durand, the simplest 
to handle on account of its engineering units.# A double logarithmic 
dVG 

plot connecting ' and is given in Glazebrook’s “Dictionary 
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of Physics'" (Dr. Stanton's article on “Friction") and also in "Prin- 
ciples of Chemical -En^neering/' by Walker Lewis and Adams 
(McGraw Hill). A few short notes on units will be given later so 
that anyone who is so inclined may compare th® results of the 
different authorities. Thfe previously n^entioned table by Prof. 


Durand is given 

below, with 

a slight conversion 

;to agree with 

fortiiula (1) Since 

our authority 

uses a coefficient "/ 

' including the 

^ in our formula" 

• • 

c 

t 

r 


d V <T 


d V G 


F 




106 ... 

•1600* •... 

1,200 

■0133 

200i ... 

-oaoo 

1,400 

■0114 

400 .... 

■0400 

1,600 

■0100 

600 . . 

•0267 

1,800 

■0089 

800 ... 

■0200 

2,000 

■0080 

1,000 ... 

-0160 

2,400^ 

•0067 

The above represents stream line flow 


d V G 


d V G 


— 

• / 

— 

f 

F • 

• 

/V 


2,500 ... 

■01 10 

16,000 

■0070 

3,000 ... 

•0106 

18,000 

■0068 

3,500 . . • 

0103 

20,000 

•0066 

4,000 . 

0100 

25,000 ' 

•0062 

4,500 

•0097 

30,000 

■0059 

5,000 . . 

•0095 

35.000 

■0057 

6,000 .. 

■0091 

40,000 

■0055 

7,o6o ... 

■0087 

45,000 

- 0053 

8,000 .. 

•’0085 

50,000 

■0052 

■0050 

9,000 ... 

•0082 

60,000 

I Of 000 - . 

■0080 

70,000 

■0049 

12,000 ... 

•0076 

80,000 

■0047 

14,000 ... 

■0073 

100,000 

■0045 

The above represents turbulent fluw. 



■ It will be seen how the cocllicicnts used in hydraulic problems 
ranging from 005 to -01 fit into this table for turbulent flow. 

The author has found that in certain cases of exceedingly viscous oil 
for low velocity flows, it is safe to exterpolale the above table with 

dv a • * 

— ^ well below 100, and the following factors then apply: — 


dv G 








80 






•20 

60 






•27 

40 





■40 

20 





. . . 

■ *80 

10 





• ... 

1-6 


748 



GREAT BRITAIN: STORAGE, HANDLING, & TRANSMISSION 

The possibility of high frictional coefficients of this order, amount- 
ing in the last case to 300 times that with water in turbulent flow, 
will indicate how unreliable it can be to guess some arbitrary mul- 
tiple of the equivalent water friction as is sometimes done. 

The clSef difficulty in applying the abov& simple coefficients lies in 
. • dva 

the determination of the .quantity both in respect jof the uijits 

• 

used and the different meth.ods by which viscosity is measured. 

LL 

In the ft. lb. sec. units the relation between, and Redwood 

(T 

No. 1 viscosity is: — • ^ • 

= 00000280 1 — ■ (3) 

a I • 


where t is the time in seconds at the temperature involved, measured 
on the Redwood No. 1 instrurhent. 

The above relation is sometimes expressed in poises, the C.G.S. 
unit for absolute viscosity, although a great de^l of confusion is 
caused by the indiscriipinate use of the word “poisS ' both for 
absolute and kinematic viscosity. This is due to the fact that “a* 
the density in the C.G.S. system is approximately 1 ^or water and oil. 

It must be clearly understood that the symbol "/la ” is absolute 
viscosity having the dimensions 

M 

LT ' 


the conversion factor from poises to ft. lb. sec. units is therefore 
453-6 


30*5 


i.e„ 14JB8. 


The dimensions of kinematic viscosity (0 are obviously 

with a conversion factor from C.G.S. units to ft. lb. sec. units of 930. 
Multiplying the terms of equation (3) on the right-hand side by 
930 we get ^ 

1-715 


--- (C.G.S. units) = -0026 t - 
a t 


( 4 ) 


in which form this relation is sometimes given. It would be dis- 
tinctly advantageous if all writers quoting results in diffcreitt units 
would studiously avoid the use of the nan^s "poise" or "cente- 
poise" for kinematic viscosity. 

The above outline still appears to make the problem of a simple 
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frictional calculation very complicated, but the subject becomes 
much simpler on direct numerical application. 

As an example let us examine a simple case: — It is requi;red to 
pump at the rate of 20 tons of oil per hour a dist^ince of ^3 miles. 
The maximum viscosity of the oil is 400rsec. Redwood No. 1, and 
the specific gravity 0 -94. For what pressure ‘"should the pump be 
Resigned on *a 3-in. pipe line ^ ^ 

The velocity “vV can be reaJily calculated as 4-34 ft. per sec. 
Substituting 400 for t in equation (3) we get 

f 

= 001115 

i 

■ ® j 

a V G 

Hence t - = 793 

F 

From our table therefore / = -0165 • 

The loss of head in ft. on 3 miles of line is therefore: — 

4 X *0165 X 15840 X (4-34)2 
' " 64-4 X 1 

id., 1215ft. (of oil SG. 0-94). 


The pressure necessary on the punips is therefore 495 lb. per sq. in. 
Even the above calculations can be considerably simplified whbre 
it is quite obvious that the flow is in the stream line region. 

It will be observed from the table given that the following relation 
holds, apj5roximately. up to the critical velocity, viz .: — 


/X 


d V a 

F 


16 


(5). 


Since, moreover, in formula (3) for valqes of over 400]jthe second 
part of the expression on the right can be neglected compared to 
the first part, it simplifies to 


= •00000280 
G 

Substituting in (5) we get 

•0000448 ^ . 

/= - • ( 6 )- 

Equation (1) therefore becomes 

■000002785 1 V t 

h = (7). 


or the loss of head in fiet per 100 ft. is 
■04 V t 


( 8 ). 
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where v is the velocity in feet per second, 

t is the Redwood No. 1 viscosity in seconds, 
and D is the diameter of the pipe in inches. 

This^formula (8) is therefore a very simple one to use for viscous 
flow wlten the Redwood*No. 1 viscosity uf the oil is given. It only 
applies, of course, wliere' 

* dv a 

is less than 2,000. 

/I * • 

If we use it in the example given previously, the error is insi^ificant, 
the result working out to 1,222 ft. iijstead of 1,2J5. 

To eliminate all reference to absolute or kinematic viscosity the 
above criterion can be expressed as. — • 

\2Dv 

-y <1 . (9), 

where I), v, and t are tjie same as in formula (8) and t is over 400 sec. 


ZUSAMMENFASSUNC; 

Grade des lirennols • 

Die Haiiptmerkmale der '«}rschiedcnen Grade des Brcnnols werden angege- 
ben und besproclien Es wird bcsopders auf die irrofuhrende Klassifiziening 
nach dem s[<ezifischen Ciowicht, sowie aiit die Notwendijkeil einer vorsich- 
tigen •Nomenklatur lungewiosen. 

Lagerun^ 

Sichcrheitsniassregcln werden besclineben und Enipfehlungen fur den 
Landgebrauch zusammcngefasst. Es wird auch auf Lloyds Vorsfchriften zur 
See lnrigc*viesen. • 

Bei Lagerbehaltcrn werden untcrschieden 

(1) lirosse zyhndriscbe Stal.lbchalter fur Hauptlagerung in grosj-en Werken, 
mil lie.schrcibung der iibliclieii Ausmstung 

(2) Behalter fur kleinerc AiiIjIjcmi, init Bemerkungen liber die allgemeine 
Praxis Betonbehalter werden crwahnt, und in die Erde eingelassene Behalter 
besprochen 

Fdrdern 

Das Fordcrn wird in den folgenden vier Gruppen behandelt. 

(1) Heizen Die allgemeine Praxis bei grossen Lagerbehaltcrn wird beschrie- 
ben, sowie klcinc Leitungsheizer und Dampfheizet fur Druckschmierapparate. 
Ungefahre Zahlenangaben fur Warlbcubertragungsberechnungen und War- 
mcverluste werden gemacht EJettrische und Strahlungs-Warmer werden 
beschriebeii, mit Anmerkungen uber die allgemeine Praxis. 

(2) Reinigen und Trocknen: Vorsichtsmassregeln gegen Wasser und Schlamm 
werden behandelt, und handelsiibliche Filter bcschrieben. Zentrifugieren 
wird ebenfalls erwahnt. 

(3) Verbindungen und Dichtungsmatcrial: Eini|e allgemeine praktische 
Angaben werden uber diesen Gegenstand gemacht, einschliesslich Pumpen- 
dichtungen und Massregei^ zum Abdicliten von Olleitungen, 
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( 4 ) Olmessungen: Tauchbeh&lter. Wkgen und Kalibrieren werden itn 
allgemeitien besprochen und verglichen. Besondere Apparate wie Pneumer- 
kator und Olmeter werde^ behandelt, 

Vbertragung ♦' 

(1) Pumpanlagen: Die fuhrenden Typen werden un^r den ^olgenden 
Uberschriften allgemein besprochen: 

(1) Dampfkolbenpumpen vom Einlinien- und iiom ”Duplex"-Typ. 
f{2) Ein-,, Zwei- Oder Dreizylinderkolbenpumpen (mit Riemen> oder 
r Getriebeantrieb) . %_ * 

\3) Zwangslkufige Rotationspumpe. 

(4) Rotierende oder halbrotierende Handpumpen. 

Ann&herungsformelnr zur Berechni^ag des pro Tonne gepumpten Ols e|-forder- 
lichen Dampfes. ^ « 

(2) PumpbCrechnungen: Meb*ere bekannte Methoden werden eingehend 

besprochen und die N(f..wendigkeit des vorsichtigen Wahlens der Eiimeiten 
wird hervorgehoben. Umrechnungen zwischen absoluten Einheiten und 
Viskosimeter-Ablesungen werden erwahnt. Es wird eine neue eintache 
Formel fiir zkhflussige Stromfaden entwickelt. » ' 

Der Gefallverlust in Fuss per 100 Fuss Rohrleitung wird bestimmt nach 
der Formel 

0,04 V t 

i H = 


mit den Kriterien t > 400 und 


\2Dv 
t ■ 
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Oil Shale Resources of the United States • 

• 

The -Uniled States is fortunate in having, in its exj;ensive 
deposits of oil shale, one of the largest potential sources of fuel in 
the world. These deposits should be •considered as reserves of 
liquid fuel for, although some of the richer shales can be burned 
directly as fuel, it is unlikely that they will be utilised in that 
manner. The heating value of an oil shale yielding 42.7 gallons 
of oil a ton, which is considerably higher than the average oil 
yield from American shale, is only 4,400 B.Th.U. per pound; 
this is much less than t4iat of •a poor grade of coal. The ash 
content is high, usually above 60 per cent., which means that, if 
oil shale is used as a solid fuel, it would have to be burned near 
the source of production, a^ it would not be economical to trans- 
port a fuel containing such a high percentage of inert mifterial. 
In view of these limitations, it is believed that oil shale will be 
retorted to furnish liquid products of high heating value which 
can be conveniently transported to consuming centres. 
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The oil shale deposits of the United States are widely distributed, 
commercial deposits existing in at least nine states — Colorado, 
Utah, Kentucky, Indiana, California, Wyoming, Montana, Nevada 
and Oregon. These shales vary in oil content, from le^s than 
one gallon a ton for relatively thick beds "to as much as 9€ gallons 
a ton for extremely thin beds, the estimate^ average yield for a 
thickness of 500 feet in the Green River formation of Colorado 
amounting to approximately 15' gallons a ton. Winchester,^ an 
authority on oil shale, has estimated that the oil shales and similar 
deposits in the United Stato,', contain 144,162,197,000 barrels (42 
gallon.^ each) of oik of vyhich 92,144,935,000 barrels ; can be 
recoverecr This is more'^lihan one hundred times the prcyluction 
of crude petroleum in the United Stales for the year 1947, and 
seven!} -four times the world production for that year, 4)n the 
basjs of heat units, this amount of shale oil is equivalent to 
19,077,620,000 tons of bituminous coal, or thirty-seven times the 
United States’ production of that fuel in 1927. 

Cl-IARACTKKISTICS OF AmFRICAN OiL SiI,ALE AND ITS PRODUCTS 

Little or no oil, as such, is found in typical American oil shales, 
but carbonaceous materials are present, which, by destructive dis- 
tillation, yield oils. These oils differ in many respects from 
crude petroleum in that they contain much higher percentages 
of unsaturated hydrocarbons, a lower percentage of gasolene 
than the average crude oil, a higher percentage of wax, and a 
relatively high percentage of nitrogen compounds which have a 
rather offensive odour. An analysis of a typical shale oil from 
Colorada is as follows : — " , 

Specilic gravity, .901 (25 6'" A.P.I.). 

Sulphur, 0.53 per cent. 

Nitrogen, 1.79 per cent. 

Setting point, 26°C. (79° F.). 

Unsaturation of tops, 39.1 per cent. 

The crude shale oil has a fcirly hi^h heating value, about 
18,400 B.Th.U. per pound, and, Vvhen distilled, yields fractions 
from which commercial products, such as gasolene, kerosene, 
lubricating oils, wax, etc., can be ^nade by proper treatment. 
Owiifg to the high percentage of unsaturated compounds, it is 

1 Winchester. Dean f. The Oil Possibilities of the Oil Shales of the 
United States, Report II of the Federal Oil Conservation Board 
January, 1928. , 
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difficult to manufacture light products which remain water white 
upon standing, and it is questionable whetl>er lubricating oils of 
high v^cosity can be made from shale oil. The crude shale oil is 
an exceUent fue^ oil, although it sometimes contains relatively 
high percentages of sediment in the form of free carbon; since 
it is usually solid at femperaturcs below ()0‘^F., it is often neces- 
sary to apply heat to make it flow to the burners. DoiIl)tless, the 
best fuel oil from shale Viould be a product from a crocking 
distillation which had been to])i)ed to remove the more volatile 
fractions. Such a product would melt the requii^ments for flash 
point and would have a lower cold le^t than Ahe original crude oil. 

Although crude shale oil yields a relatively Jow percentage of - 
gasolene and naphtha by straight distillation, it h^ been found 
that the yield of these products can be appreciably increased by 
subjecting the oil to ;I cracking distillation. The product thus 
obtained is difficult to treat for colour and odour, hut experiments 
indicate that, unlike the cracked products from crude petroleum, 
those obtained by cracking shale oil can be treated easily as 
ordinary straight run distillates. 

• 

COMMLRCIAL OtL ShALE DEVELOPMENTS IN THE Lfe^ITED StATES 
A few years ago, when there was a threatened shortage of 
petroleum, an immense amount of interest was taken in the 
development of the oil shale deposits of the Unitec> States. 
Several tUmsand acres of oil shale land were leased or purchased, 
and at one time more than 100 oil shale companies v«ere in 
existence. Many of these companies built small plants, but a 
number of them simply puroliased oil ^hale lands and sold stock 
to the public. All of the plants which were built were too small 
to be considered of commercial size, but mostly they 
represented experimental plants for developing and testing new 
types of retorts. A plant of semi-commercial size was operated 
in Nevada for a few years and marketed oil shale products both 
in this country and abroiPd. Ar»ther was operated in California 
for some time and produced an* oil that was marketed as fuel oil. 
These plants are the only two which can be considered as approach- 
ing commercial operation. At the present time none of the plants 
owned by oil shale companies is in continuous operalioif, and 
only two or three are operated intermittently^ Owing to the over- 
production of emde petroleum in the United States and conse- 
quent low prices, the •interest in oil shale has lessened to a 



LIQUID PUELS 

considerable extent, although some of the larger oil companies 
have increased their oil shale holdings during the past three years. 
Technical and Economic Problems of Oil Shale Industry 
It is generally recognised that many problems of a technical 
and economic nature must be solved before an oil shale' industry 
can be established in the United States on a profitable basis* In 
^ tlfe mining of oil shale it must be determined whether selective 
mining should Jie employee^ and only, the richer material utilised, 
or whether' the entire deposit should be mined by some system 
such as the cawng method? or by stripping and using dpen-cut 
metho*ds. At one tiipe it was considered advisable to use some- 
what simijar methods to fliose employed in the mining of cfeal, but 
many mining^ engineers arc now of the opinion that it weiuld be 
better to adopt methods similar to those used in mining lowWrade 
copper ores, and mine all the oil-Jiearing sliale for a thickness of 
perhaps 200 to 500 feet. This method would, no doubt, result in 
a lower cost per ton, but the oil yield per ton would be appreci- 
ably lower. • 

It will be necessary to make an exhaDstive study of retorting 
conditions before a successful method for retorting American 
shales can be (developed. The Pumpherston retort, which has been 
used in Scotland for more than twenty-five years, produces a good 
grade of oil from American shales, but its throughput is low and 
it requii^s large quantities of water in the form of steam. Some 
of the AmericaA retorts have much larger capacities, but none of 
them bas been operated for sufficient time, or on a wide enough 
variety of shales, to determine definitely whether it will prove 
satisfactory under different operating conditions. Work of a 
fundamental character is necessary to determine the factors which 
must be considered in designing retorts for operating on American 
shales. 

Since shale oil is entirely different from crude petroleum it is 
probable that new methods of refining will have to be developed, 
as it is unlikely that the method»used frxr refining petroleum will 
prove entirely satisfactory. It will also be necessary to determine 
the products which can be manufactured most profitably, for it is 
questionable whether shale oil will yield the same range of products 
now fiiade from petroleum. 

It will also be necessary to consider such problems as the trans- 
portation of shale oil or refined products, water supply, disposal 
of waste products, labour problems, etci The richest and most 
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extensive oil shale deposits in the United States are in sparsely 
settled sections of the country, where trai^portation costs are 
high and the market for petroleum products*is limited. In these 
sections the rainfiall is sparse and most of the water is required 
for agVicTiltural purposes.. It would be* difficult, therefore, to 
obtain sufficient^ water for the refining of shale oil, even if a 
retort were used requiring no water. Again, the disposal of spent 
shale is a problem of major impoAancfi in the Western States, as 
the valleys between the oil shale deposits are usually quite narrow 
and the river bottoms valuable for agficulture. The housing and 
welfare of the large labour force ijeeded ^would also require 
consideration. * ^ 

Laboratory Stuihi.s of U.S. Bureau of Mines 
Realising that information on the chemical and physical pro- 
perties of oil shale ani shale qil would be required before an 
oil shale industry could be started in the United States, the 
Bureau of Mines began a series of laboratory studies about eight 
years ago. These investigations included the doterminalion of 
such properties as specific gravity, specific heat,’ heat of combus- 
tion, and thermal conductivity of* the different types of American 
shales, the analysis of oil-shale ash, the determination of sulphur 
and nitrogen, and the development of a standard method for, 
assaying samples of oil shale to determine the yield of oil. Studies 
were made of the effect on the yield and quality of •oil, of 
retorting CQnditions, such as rate of heating, introd&ction of steam 
or other gases and size of shale retorted. Analytical distillj^tions 
were made of the shale oils produced and special attention was 
paid to methods of treating the distillatton products. The inves- 
tigations also included studies of the coking properties of oil 
shale and the determination of the explosibility of oil shale dusts. 

EXPERIMENTAL OIL SHALE PLANT OF U.S. BUREAU 
OF MINES 

General and Historical, ^ 

Although the laboratory investigations furnished valuable in- 
formation on the problems which must be considered in producing 
oil from American shales, it became evident that before some of 
the problems could be studied it would be necessary to coi^uct 
experiments with large scale equipment. It was not considered 
advisable to ship Jarge quantities of oil shal^ to Scotland to be 
tested in the retorting giants there, for it was realised that it 
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would be necessary to study a number of conditions peculiar to 
the Western States^ where the largest and richest deposits are 
found. An appropriation was, therefore, requested for the erec- 
tion of an experimental oil shale plant in Western Colorado. The 
first appropriation of $90^000 became available on March 3, 1925, 
and this was followed by a second app?opria);ion of $89,000, 
^^hich wa's for the purpose of operating the plant until June 30, 
1927.^ The plant was shut down on that date, owing to the 
failure of Congress to provide funds for its continued operation, 
but in December, 1927, a^ fund of $45,000 was voted for re- 
opening the plant ; tjiis was followed by a later appropriation of 
$75,000 for operj^ting the plant during the fiscal year beginning 
July 1, 1928.^ After a number of changes had been made to the 
plant, including the conversion of the tramway to a two^bucket 
system, operations were resumed^on June 21 of this year. ' 
Dicscrittion 

The experimental oil shale plant of the Bureau of Mines is 
located op NaVa] Oil Shale Reserve No. 3, near Rulison, Colo. 
The plant consists of two retorts, one* a standard Purnpherston 
experimental retort of full comrtiercial size and of the type used 
in Scotland f^ir the last twenty-five years, the other, a retdrt of 
-American design known as the N-T-U, two 35-H.P. boilers, a 
40-H.P. gas producer, an oil-shale crusher, pipe still, storage 
tanks, die. A 5,600-ft. aerial tramway is used for transporting the 
shale from the mine to the retorting plant. * 

The ‘retorts were selected on the basis of information gained in 
the laboratory studies supplemented by a field study of the retorts 
proposed or in use in the United Stktes and other countries. Both 
types are well adapted for experimental studies and have been 
operated for a period long enough to establish their advantages 
and limitations. The Purnpherston retort is a continuously 
operating, externally heated retort, using fairly large quantities of 
steam, while the N-T-U is internally heated, intermittently oper- 
ating, and does not make use of ^teamr The N-T-U retort has a 
charging capacity of about 25 tons, while the capacity of the 
Purnpherston retort is determined, to a large extent, by the quality 
of shale retorted. For a period of five consecutive days the 
throftghput of the Purnpherston retort at the experimental plant 
exceeded 7.5 tons ^ day of 29-gallon shale, and on two days the 
throughput was more than 8 tons a day, buf its average daily 
capacity is considered to be about 5 tons* of fairly rich shale. The 
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two retorts form a good combination for experimental study, in 
that the Pumpherston retort exemplifies slow distillation and the 
N-T-U^ retort rapid distillation. 

Operatijtg Results 

The Pumpherston r,etort* produces oils which are somewhat 
lighter and cont*ain higher percentages of the more volatile frac- 
tions than those produced by tho N-T-U retort, but, otherwise, • 
the oils from the two retorts' are similar. The oil produced by the 
Pumpherston retort has an average^ specific gravity of about 
.887 (28^ A.P.I.) and yields an average of about 15 per cejit. of 
gasolene and naphtha The oil from the 1^-T-U retort has an 
average specific gravity of about .928 (21° f^.P.I.) ahd has a 
gasolene-naphtha content of about 8 per cent. The gasolene- 
naphtha fraction fron^ both crudes is deficient in low boiling 
fractions, and it will be necessary to blend the product with more 
volatile material in order to produce a finished motor fuel. Ex- 
periments have shown that as much as 60 per cent, of motor fuel 
can be made from shal^ oil by cracking. Analyses ^of typical 
samples of oil from the two retprts are given in Table 1. 

During the operating period which ended on June 30, 1927, a 
total of 2,129 tons of oil shale was run through the retorts,^ 
yielding 37,909 gallons (903 barrels) of oil, an average yield of 
17.8 gallons a ton. The shale charged to the retorts had an oil 
content ranging from 11 to 43 gallons a ton, the ’highest average 
yield for a single day's operation amounting to 42.5 gajjons a 
ton. The oil shale used in the plant was mined in a quarry at the 
outcrop of the shale on the gscarpment at an elevation of about 
2,400 feet above the plant site. A thickness of approximately 
60 feet of the shale escarpment was mined, which included the 
rich "mahogany ledge." 

As a result of nine months’ operation of the experimental oil 
shale plant, valuable information was obtained on the problems 
of producing oil from Ahieric^i^ shales. Data were secured on 
drilling and shooting oil shale, on retorting methods to be followed 
in order to obtain the highest yield of the best quality of oil and 
on refinery methods offering promise of good results in the 
manufacture of refined products. It was found, for example, 
that both retorts operated satisfactorily on tl^e non-coking shales, 
but both gave trouble when handling shales of the coking variety. 
Several "hang-ups” occurred in the Pumpherston retort, but 
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these may have been due partly to the leakage of air and com- 
bustion products through a crack in the inn^ wall of the retort. 
This criick was discovered when the retort was shut down and 
has since^been rej)aired. JGas circulation practically ceased when 
coking shales were charged to the N-T-U retort, but this diffi- 
culty can be overcome by the use of an exhauster of larger 
capacity; this is now being installed. ^ The Pumpherston retoft ^ 
gave a high recovery of a .good grade of shale oil, and .when 
operating on the richer shales was practically self-supporting as 
regards fuel for heating the retort/ the gas pfoduced during 
retorting being tised for that purpose? 'J'he average recpvery of 
oil‘ from the N-T-U retort was not quite so Jugh as j*rom the 
Pumpherston, nor was the oil of such high quality^ the capacity 
of the N-T-U retort is, however, much higher, and it has the 
advantage of not requiring an},-* additional fuel. Sufficient data 
are not available to determine which type of retort is best adapted 
fo American shales, but on the basis of experience gained during 
the time the plant was operated it was decided §lightly,to modify 
both retorts before resuniing operations.* 

Programme * 

During the coming year it is hoped to secure additfonal informa- 
tion on such retorting problems as the effect of rate of heating,* 
variations in amount of steam used, size of shale retorted, heat 
transfer, recirculation of retort gases and the determination of 
the maximlim percentage of coking shale that can ?je satisfactorily 
retorted. Special studies will be made of conditions favcmrable 
to the production of ammonia and to the formation of sufficient 
gas to make the PumpherstoA retort s^f-supporting. 

The work on refining problems will be continued, but for the 
present particular attention will be paid to the production of 
motor fuel by c-acking and to the development of methods for 
treating it. Future work will include studies of the manufacture 
of lubricating oils and other products from shale oil. 

RfiJtUMfi 

En considdrant les approvisionenients tuturs de combustibles liquides, il ne 
faut pas oubher les gisements dc schistes bitumincux aux Etats-Unis. On 

® A comprehensive report, giving the results of nine months’ operation of 
the experimental plant, is being prepared, and will be published as 
a Bureau of Mines bulletin An article by Marlin J Gavin, entitled 
“The Bureau of Mines Experimental Oil ^ihale Plant,” will be 
published in the August, 1928, issue of the Journal of hidusiruil and 
Engineering Chemistry. This article gives a description of the 
plant and discusses ^ome of the results obtained. 
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eslime qu’il sera possible de recuperer k pen pros qiiatre-vingt-douze millions 
de bards d’hudc de ces griseinents II s'agit de plus de cent fois la production 
de petrole brut aux Ktats Unis pour I’an 1927, et soixante-quatre fois la 
production mondialo dc cette annee. ^ • 

La tononr on liuilo dos sclvstos vane de moins^d’un gallon par toyne jusqu'i 
quatrc-vingt-dix gallons par tonne, la moyenrie des gisemcnts les plus grands 
ctaiil pen pres de (iniiizo gallons par tonne L’liiide reciijjerec est d ’ordinaire 
lAie Iniilo iTinyciinenient lourdo lontonant dcs tencurs elev'oos en cire ot en 
' liydroearhures insatuies L’an;fi\\^c d’une liiiilo de scliute typique provcnant 
du Colorado, don no k resnltat siiivant 

Poids sjieeifK jue 0,901 (25.0'^ A r I ) 

Soufre' . ^ 0 f)3 pour cent. 

J’oint de faiq’ prise i 2()'C (79‘ U ) 

' Insaturation des premieres parties 39.1 pour cent 
'Valeiir cafoiilujiie 10,200 calories par gnilanme 

' (1H.300 Ti 'I'll U par livVe) 

On pout fane (U‘s produits raifines. lels qin* I'essence, le kerosen^ et des 
hinles graissiT (ui parlant do la liuilei de sOiisto, mais il l.iut des mcHliodes 
specialos d’epurat ion 

Beane oiip de i oiiqiagnies oril ete orgaiiisoes aux Etats-Unis pour exidoiter 
riuiile de s< hisle phisieurs inilles at les de terre contenaiit dii schiste bitumineux 
out ete pns*a bail ou achetes et pliisienrs ]>etites usiiies A distillation ont et6 
constmites. A ])reseiit, cependaiit, auoune usme posstMce par uiie compagnie 
d'exploitalion d'hnile de sc liiste n’est'en niarcbe continue, et deux ou trois 
seuleinent sont «-*xj)loitees d'um* ta(;;on intermiltente Aucuii dcs ateliers 
construils n'a «'‘te de grandtmr indiislin'lle, mais dans la piupart dcs cas ils 
"^ont rcpreseide des usines exptk iinentales pour developper et essayer des 
types noiiveanx de cornues. 

11 faudr?i resoudre beauooup de probleiiies de nature technique et economique 
avant tpj’il sera possible d’etablir une Industrie de riiuile deiscliiste aux 
Elats-ynis ^i b.ise remuneratrice 11 faudra developper des methodes d' 
exploiter le schiste ?i un prix de revicnt reduit et de le livrer k I’atelier de 
distillation avei des frais de transport minima 11 faudra developper des vases 
clos qui seronl eapables de prodiiire des debits maxima dc hi meilleure huile 
avec une consommatioii mmimuni tie houille et ti'eaii 11 faudra modifier les 
methodes d'epuration ou 'dtAxdoppei des methodes nou\elles pour produire 
dcs produits venddhles. yiJ^ant d’linc huile qm differe beaiicoup du ptHrole 
brut Enfin, il faudra aceodtuiner ie public coiisommatcur k accepter ties 
produits tires dc I’iuiiie de schiste h la place de ceiix tires du petrole. 

Le Ikircaii des Mines ties Etats-lJiiis cxploite vine usme expcnmentale d'huile 
de schiste dans le Colorado Occident aKdans le ^ut d’etudier quelqiies-uns des 
problenies qiii se preseiitent i I’lndus^rio de 1’ huile do schiste On 6tudie 
deux tyiies de vases clos, la coniiie Pnmpherston qne Ton a emjiloyce en Ecossc 
pendant plusiciirs annees et im typ de eorn^e amencain de construction bien 
differenle Plus tie 2.009 tfinnes de schiste on ete distillees dans cettc usine, 
ayanl*donne k pcni pres 900 barils d'huile dc schiste. Tdusicurs laboratories 
sont en train de fairel'etude du ralTinage dc cette buile et les resultats seront 
pubes phis tard pai le Ihireau des Mines (Trace au travail de I'atelier experi- 
mental on a obteiiu des indications preeieiises sur Ic probleme de la distillation 
des schistcs americains et du rattmage do rhinle de schiste. 
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INTRODUCTION 
(a) Crude Oil Resources 

The total ^amount of crude* oil in the earth's crust unknown, and 
uncstimated, but it is certainly an astonishing volume. Geologists 
state that oil discovery is a possibility in 1,100,000,000 acres^n the 
United States alone, or 56 per cent. oMts total land area. The 
contrast of this huge territory with the 2,000,000 acres producing 
oil at the present time, makes it certain that new fields will be 
continually discovered and that the oil of that country will prove 
ample for many years to come. What is true regarding the potential 
oil production of the United States is probably true in even greater 
measure for many of the^other countries of the world where oil 
exploration has been even less thorough than in the United States. 

From the beginning of production on a significant scale in the year 
1857 to the end of 1927, t^he oil fields of the world produced 
16,000,000,000 barrels of petroleum. This is, however, only a 
fraction of the oil resources of the producing areas, for •it is 
estimated that at the most, 20 per cent, of the oil in the ground 
is brought to the surface by present methods of recovery. For 
every barrel of oil prodheed at least four barrels remain in the 
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earth. While 16,000,000,000 barrels of oil have been produced, 
64,000,000,000 barrels or more are still in the oil sands. This oil 
alone, could it be recovered by means of flooding, represfuring or 
mining, would siipp^ly^the world’s needs for over fifty y^ars. 

Since the foundation of the pu'troleurfi industry, many predictions 
of oil shortage have been made. But despite?" the stupendous 
increase in the use of petroleum during the last two decades, dis- 
covery’ of new' fields has nevir failed to kr-ep pace with the demand. 
At tlie present time the world’s output of oil is far below the caj)acity 
of the actual producing wtSls. Proration and drilling agreements 
are holding back a \’el italde hood of crude, which ca Jd be pirdduced in 
arnounts'far exce(:*ding present requirements. In view of the known 
crude oil rejijivcs, the vast amount h'ft underground by present 
production methods, and tlie undiscovered fields that no doubt 
exist, an oil .shortage, desjate the gVoomy projiliets, is far in the future. 

It ma} not be too optimistic to predict, coiisideiing past and 
present experience tliroughoui the world, that crude oil Mill be 
our domifiant source of gasoline for at^ least a century to come, 

t 

( h ) The De. velopmkni and MAOMirDi- or the Ckackinc. Pkocicss 

The commerSial cracking of heavy oils into gasoline, is of compara- 
• tively recent development. There are few refiners of crude oil 
who can operate economically without the cracking })roce.ss as part of 
their regular equiiiment. The automobile industry could scarcely 
have dcv’clopeii to its present size were it not lor tht supply ot 
gasoline made available by cracking, as otherwi.se the price of 
motor fuel would be distinctly higher than it now is 
Vast amounts of money have Heen cxpiended in research on 
cracking in wairking t)ut the commercial conversion of fuel oils 
into gasoline. It is estimated that over $40,000,000 has been spient 
in endeavours to develop commercial cracking processes. 

The imjirovenient which has been made in cracking units in their 
evolution during the last twx) decades^ or so, has been startling. 
The early shell cracking stills, .soiHe of which are still in use, had a 
daily capacity of approximately 125 barrels each. They were 
limited to the use of a .selected gas oil^diarging stock, and their yield 
of gasoline was about 30 per cent The modern cracking process 
emphjys units having a capacity of 750 to over 2,500 barrels per 
day, converting an^^ type of oil- kerosene distillate, gas oil, fuel oil, 
topped crude, or crude oil — into gasoline with 3delds of 50 to over 
75 per cent. Despite the somewhat greater complexity of the 
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modern pressure still, its high efficiency makes the first cost, per 
barrel of gasoline produced per day, only one|fourth of that of the 
early crocking units. Had it not been for the great advance in the 
process of cracking, the investment necessary to produce the present 
volume o1 erased gasoline , would be over *$1 ,000,000,000. instead 
of the $275,000, QOO which is the approximate value of the world’s 
present cracking equipment and its auxiliant‘s, such as storaj^ 
tanks, agitators, rcFUii stills, boiler ^must's, land, etc. 

The use of the cracking process is world witle Conimef cial ’plants 
are now in operation or undei consiruc^on in such widely separated 
countries as Japan, Borneo, Java, the ljutcli East Indies geiu-rally, 
Australia, Roumania, India, Great I)ritain.T^elgiiiin, Italy, AJ'genlina, 
Trinidad and Canada, as well as in all the refining ar’eas of the 
United States. * 

Tn the United Slates 1 4^ of the 312 operating refineries are equipped 
with cracking units. These are the largt'st and most modem ol Hie 
refineries. The remaimiig 164 without cracking equipment have 
only 23 jier cent, of that coiintrv 's capacity lor handling crude oil. 
The total cracking cayiaciiy i^ 1,328,000 ban'eLs*of chai'ging stock 
per day. In 1927, the United States Tt‘fineries ])ioduced 101,0(50,000 
barrels, or 4,200,000,000 gallons (4 cracked gasolnj^e, which was 
30-6 per cent ol the total motor fuel, as shown in lht‘ table following; 

J’KODI'CTKjN OJ- (,AS()LINh IN t’NriKJ) STATES^ 
('rtiousiincls ol Barrels) 


11)27 11)2U 1025 



Total 'per cent. 

dotal . 

per ("ent ' 'total ipc^jr cent. 

Total f^asoline pro- 



299. 73^ 


cluction . 

330.067 

_ • 

259,601 ' - 

Straight run paso- 




59 5 171,382, 66 0 

line 

107.282 

59-7 

178,302 

Crac ked pasohne 

101.224 

30 6 

93.736 

313 . 68.583 26-4 

Natural gasoline 

32,161 

0 7 

27,696 

' 19,636 7 6 

The dally capacity of the 

cracking uiiiis 

in tiie oliiei ^o.*.i^^ies is 


estimated to be apjiroximj^tcly 65^000 liarrels. 

(c) The Ckacking Pkoc'ess as a National Necessity 
The cracking of oil is not only a matter of great interest to 
countries with supplies oi petroleum, but it is a subject of national 
import to every land. To the oil producing countries the instalkition 
of cracking equipment is a necessity for the most economical use 
of their oil resouH:es. The modem cracking process is of such 

^ Oil Gas Joivr., March 1, l52K. p 120 
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general application that those nations not possessing petroleum, but 
having oil shale or c^al, may well make use of cracking to produce 
gasoline from oil secured by the retorting of these materials. These 
countries, as well as those possessing no deposits of hydlocarbon 
material, may purchase fuel oil, available at reasonabl pricis at every 
port in the world, and crack it into at least, 50 per cent, of gasoline. 
,ln peace time cracking plants should prove profitable in any part of 
the world; in times of strc.ss^they»are an important element of national 
defence. The use of aeroplanes and the mechanisation of armies has 
made an abund^t siip^ily ol^ ga.soline a necessity to national security. 
National interest n'cpnres, particularly in time of stress, that the 
greatest* possible amoun^t of gasoline be secure'ei from \every oil 
resource.' The crocking process yields more than double the gaso- 
line obtainable b}" simple distillation of crude oil, coal tar,' or shale 
oil. Installation of the cracking process is therefore supremely 
irnportant to i*V(Ty country possessing petroleum, coal, or shale. 
Lacking tliese resources, prudence would suggest that a nation 
provide suflicient stores of motor fuel to co\'er any emergenev. 
Far better' than storing gasoline would be the pro\’ision of cracking 
equipment and the construction of huge reservoirs lor fuel oil 
storage. Fuel oil is relatively low in price, does not deteiiorate or 
evaporate, and is ikjI dangerously inllammable. It may be Cracked 
as required to give high yields of gasoline. Concrete reservoirs of 
1 ,()(X),0()() barrels or greater capacity, built underground and in 
suificieht numl^iT to siqiply a nation's needs lor a term of years, 
are entirely fea.siblc. A country of the size of h>anct‘. for cxamyile, 
which’ consumes in the neighbourhood of 400,000,000 gallons of 
ga.soline per year could accumulate, over a jieriod of time, 

100.000. 000 barrels of fuel oil. This would furnish, by cracking, 

50.000. 000 barrels, or 2, 1 00,000,000 gallons of gasoline, suflicient for 

3 1 .500. 000. 000 car mileb — a five year peace time supply and probably 

sufficient for the requirements of national defence. A country like 
Italy, nVF.'r.vAu;. about 4t?,v)U0,ui50' gaiVons, 

Jnould store perhaps 20,000,000 barrels of fuel oil, which would 
supply 10,000,000 barrels or 42(f.p00.00& gallons of gasoline. This 
is equivalent to 6,300,000,000 motor car miles. 

That storage of this volume of fuel oil is entirely possible is evident 
from the fact that amounts of petroleum vastly greater than those 
mentioned are continually in storage in America. The stored oil 
in the Fnited States at the present time amounts to approximately 

600.000. 000 barrels.^ 

‘ Amor IVtroleum Institute, 9, No 35, p 3, Jiine 6, 1928. 
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Interesting light on this proposal is afforded by a study of the 
following table, which shows for the principal c^)un tries of the world, 
the cru^c oil production, motor car use, gasoline consumption, 
gasoline rjnd k^dsene prices, and an approximation of the prices 
at which fuel cnl can be obttimed. In large quantities, tlie cost of 
fuel oil would probably be consideialily less than the figures gi^Tn, 

{ d ) CoKSEKV-vnoN OF Chude Oil nin-: t-,) ' 

The cracking process is tfie most effeclive lou'e in o:J conserv;ition. 
Owing to the tact that one-third ot our gasoline is made by craclcing 
inslead of by the simple dist.Alation ol|crude oil, it' is neec'-saiv to 
produce far less p»trok‘um than would 1»V lecpii^cd weie tliej^racking 
proci'ss not in use. During the year 102”, 45(^,000, 001) IxirrtOs of 
crude oil ’were conserved by the cracking juixe^s wl^ich produced 

4. 500. 000, ()()() gallons of gasoline irom oils wllu:h contained “Tio 
gasoline as such. Without the .^jenev of llie ciackmg process Uie 
oil fields of the w'orld would have betM calhal upon fr)r 1 ,700, 000, 000 
baiiels of oil during the \ear 1927, instead of the 1,255.000,000 
actuall}^ produced, which was sulTicient (in f.u t nion* thaq sufficient) 
to supply the requinaniai^s ol ttie woild’s 29,500,000 autoiqotive 
vehicles. During ttie last 15 years the saving in cnid(‘ oil due to 
the crocking process is conservatively csiimaHcd at o\'er 

1.750.000. 000 bairels. 

Had all tla* gasoline of recent years been prodneed by simple> 
distillation ot crude oil, vast quantities of luel oil would luive beeit 
tlmmn on* the market, probabh' depressing it cdnsiderably and 
bringing tlie oil into greater competition witli crial. It ^s tar 
more litting, as a national polic\ , to utilise luel oil hir gasoline 
making, w'hich may be termed the highei'iise, than to burn it under 
boileT.s. 

THE (RACK INC, OF PETROLEUM Oll.S 

(a) The Plexthility or the Ckac king Process 

The primary use of the cracking process at the presiait time is the 
conversion of ])etrolenm into gasoline and other products. No 
one method of opieiation will tit* all the economic demands made 
upon the rerming industry. Of necessity, therefoie, the process 
must be so flexible that oil of j^ny type can be cracked intf) the pro- 
ducts in greatest demand. This condition is lullilled by tlie modem 
cracking process, the adaptability of wdiich is such that it rnflv' be 
operated for maximum yields of gasoline, fiTnace or Diesel oil, 
residual oil having a higher ILTh U. content per barrel than the 
original charging stock, cfoke or gas. Viscous oils may be used as 
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charging stock and lightly cracked in order to lower their 
viscosity and cold te^it so that they will flow readily through pipe 
lines. The manner in which the process is used depends upon 
market conditions and the oil available for cracking. The ch^mge 
from operating for a given product to producing anther product in 
maximum ^ncld, is made without modification of J;he cracking unit 
ir. principle or equipment. 

f • i 

(6) Ti'iE Oil Type of CracivIng Operation 

Residual oil type operation permits the production of high yields 
of gasoline, furnace or Die^d oil ancf a minimum anhount of coke 
and gas'.'^while the residwil fuel oil has a higher t^icriVial value per 
barrel thin the or^glnal charging stock. > 

The opcratit?u of the cracking process will best be understood by a 
descrijition following the flow chart of a typical mstalla\tion. 

Tne oil to be cracked is pumped to the plant at a uniform rate by 
pump A , the suction side of which is connected to the oil storage 
tank. The raw charging stock may be pumped into the flash 
condenser r, to <he dephlegmator H, or directl}" to the heating 
tubes^ /. All the charging .stock may be pumped to any one of 
these elements of the cracking system, or it may be split as the opera- 
ting conditions v^arrant. The chaiging stock pumped into the 
•flash condenser C comes into intimate contact with the vapours 
from the lla.sh chamber (), so that the temperature of the charging 
oil is raised by condensing a portion of the vayiours. The charging 
stock and condensed vapours an' drawn lidm the bottom of the 
flash condenser (' by the hot oil pump T) and discharged into the 
dephlegmator II by means of the pipe connection C. The preheated 
charging stock cfiines into contact with the hot vapours in the 
dephlegmator, and is thereby rai.sed to a substantially higher tem- 
perature. As an alternative, part or all of the charging stock and 
condensed vajiours from the flash condenser may go directly through 
the feed line E to the heating tubes I . The valves 00 control the 
proportion of the split feed which passes to the heating coil / or to 
the dephlegmator II. The feed enters the heating coil at a 
temperature of approximately 385X. (725°F.), and pa.s.ses through 
the heating tubes, which are connected by return bend fittings to 
ferm a continuous coil. The oil is lieated b}^ the gases generated 
in thL combustion chamber L, attaining a cracking tejnperature of 
460°C. (860°F,), mqre or less. The products of combustion pass 
through port holes in the upper part of a wall which divides the 
furnace into two chambers, and come in contact with the heating 
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which it passes into receiver HH, maintained under the operating 
pressure of the systejn. The pressure distillate discharges through 
the meter S'5 into a gas separating chamber / /, from whicl| it flows 
to a storage tank through the trap LL. .The operating pressure on 
the system is controlled by the gas va\ve RR through which gas in 
excess of that necessary to maintain the pressure desired, leaves 
the re I’s^er HH, mixing with that evolved from the pressure 
* distillp-te due tp the reduction of pressure in tlie Separating tank / /. 
The gas nfixturo flows through the line KK and connected pipes 
to the gasoline 'absorbticm system onto the burners in, furnace F; 
it may be passed !(,' storage to be converted ^to cliemicals or 
shpiped \o gas companies to be blended with gas of l^w B.Th.U. 
value, sucli as water gas. If desired, the gas from the receiver HH. 
may be taken off separately from tlie gas evolved from the pressure 
dii^tillate in receiver / /. » * 

The residual oil method of operation of tiie cracking process may 
be carried out continuou.sly for a period of 30 daj^s or more, producing 
high yields of gusolme, a fuel oil residue passing all market speci- 
fications, and an insignificant amount *of coke, ranging from a 
trace to a few pounds per barrel ol charging stock. 

The following data (p 77 1 ) cover the commercial results obtained 
'from the cracking of gas oil, wax tailings, topijicd crude and fuel oils 
from Kansas, thh Mid-Continent field, Kentucky and California 
in the 'United^ States, and from Roumama. The amounts of 
charging stock given in the table were cracked in each 
case fii a single continuous operation without shut-down of the 
apparatus. 

(c) vSlMULT.\NKOUS Cr.^CKTNG .^NI) CoKlNG OF HkAVY OiLS 

In another method of operation the cracking process produces 
only pressure distillate oil (or crude gasoline), coke and gas. This 
mode of operation treats kerosene distillate, gas oil, topped crude, 
crude itself, or any other oil available^ and eliminates the use of 
coking stills which are necessary to prepare charging stock for 
cracking units limited to special distillate oil. Since, as is well 
known, tlie coking of heavy oils in sjiell stills is a costly operation, 
the simultaneous coking and cracking of heavy oil is important as 
a means of effecting great savings. Performing the '^racking and 
coking in a single slep requires no installation beyond that used in 
residual oil operation, the only changes being slight variations in 
the operating conditions. * 
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RESri/rS OF RESIDr\L ini . cracking of typical oils 
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In the table following, data are presented from the simultaneous 
cracking and coking of different oils in commercial practice; — 


RKSULTS OF CRACKJNG AND COKING IN ONE OPERATION 



I Y'linsyl- 
vania 

Oklahoma 

Anj/irillo 

Texas 

^ Mid- 

Oklahoma Continent 


Kerosene 

Gas 

Topped 

fuel 

Fuel 


1 hstillate 


Crude, j 

Oil 

Oil. 

Charging Stocjc — 1 
Specific gravity j 

b 8309 

1 0-8514 

0-8849 

0 891 1 

0 9117 

Total barrels I *■ 

cracked i 6,246 

(3,407 

100 

.5,507 

5,470 ' 

14.188 

Operating s prcb-; 
sure, lb, • ' 

220 

1 

190 

'20„\ 

200 

FRGDIUTS 1 

DERIVED 

1-ROM FRACKING 


Presswre distillate 
Oil — 

YTeld, per cent 
of charging stock 

86 5 

91 8 

84-4 

79 6 

! 

76-6 

Specific gravity 
Coke, Ib. per bar- 
rel of oil 

charged *' 

0 7447 

0-7703 

0 7624 

1 0 7669 

0-7711 

*24 8 

32-0 

50-0 

59 1 

61-3 


• (DXSQJJNE 

(Yields, in per cent , based on the charging stock passing once only 
« Ihroiigli 11 h‘ cracking pro( ess } 


72 U 04 2 02 2 02-9 62 3 


hURNACF: OK DIESEI, Oil. 

(Yields, in per cent.) 

OH 24 5 18 8 111 13-0 


( d ) Anti-knock Pnopertit#^ uf Ckahked Gasoline 

One of the most important problems of the oil industry to-day is 
the production of anti-knock motor fuels. Gasolines produced 
from ciudc oils of the major fields of the United States by simple 
distillation develop the familiar knocking sound when used in high 
compression automotive engines or in ordinary engines when 
labouring on hills with wide open fiirottle* 

The knocking propensity of gasoline is primarily a function of its 
chemical composition. The work of Ricardo, Midgcley, Boyd 
an«l others, has shown that in their anti-knock properties the 
hydroftirbons of the various series stand in the following order: — 

1. The paraffin ^hydrocarbons are the worst knockers. 

2. The unsaturated hydrocarbons knock materially less than 
the^ paraffins. 
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3. The naphthene hydrocarbons are distinctly better as anti- 
knock material than either the unSaturatod or the paraffin 
^ hydrocarbons. 

The aromatic Jiydrocarbons are non-detonating under any 
p>rcft;ticabl« motor compression fatio. 

For nSany j^ears *t was held that straight-run gasolines from 
paraffin base or semi-asphaltic base oils'weie the siPjXTior naotor 
fuels. Of late, ’however , crack Af gasolines luu e been in demafid, 
and at present tliey arc offieh sold at premium prh;(‘s. In anti- 
knock properties they art better than the* .^tiiiiglit-run product. 
This is due to their higher oontenl olljleHne.^iapluhcne and’aromatic 
hydrocarbons. The superiorit y of cTat:ktHl o\ er straig?it-run gaso- • 
line from the same crude oil is brought out Rv tlie analyses in the 
tables following:- ■ 

• • 

( e ) Tiik Ciiimmical TkjiATmmvt or ( kac kkd (i \som.\1' ^ 

In the reruung ol cracked motor liiel by the* usual methods, there 
IS a distinct loss of hydrocarbons valuable for their anti-knock 
properties. There are no difficulties in tieatuTg crSrk(‘d gasoline^ 
to meet any desired market sjiecifications, but to retinc- som« cracked 
motor fuels to water-white colour, odoui, lU'galue doctor and 
cortosion l^^sts, and low .sulphur content canst^ hfgh economic loss. 
In paTticulai, to demand a water-white motor fuel is an error, 
for as far as an automobile cylinder is concerAed the combustion of 
gasoline bears no relation to its colour As a inattc-i cTf fact more 
and more motor fuel is being coloured, not only red, but also pink, 
purple, blue and green. Undoubtedly other colours wiW be used 
to comph'tc the rainbow. 

Odour IS another lest wlAch is adhered to m a somewhat rigid 
manner, but which really should have small place in a specification 
for motor fuel. This is not serious, however, as a little water,* 
caustic soda, sodium plumbite or adsorbent earth will eliminate the 
odour from motor fuel derived from high sulphur crudes such as 
predominate in California, Mexico and West Texas pioduction 
without the u.se of sulpliuric aitid, while most of the Mid-Continent 
and eastern crude oils produce motor fuel of good odour without 
special treatment. 

All cracked gasolines can* be commerciall}' treated with .sulphuric 
acid, caustic .soda, sddium plumbite and water, followed bf fire and 
steam distillation. Recently Halloraid ha5^ found that by carrying 
out the acid tfeatment of cracked distillates at low temperatures 

' Halloran, Oil Gas Journal, December 8. 1927, p 36. - 
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the losses may be greatlt^ reduced. Below -9X. (15°F.). sulphuric 
acid shows preferential solubility for sulphur compounds, while 
the ^vigorous polymerising effect and other clK^mical actions mani- 
fested at higlfer tempeyatures are markedly reduced. As a function 
of tlfti tyjV of m^tor fuel to be lefmed, the afuounts of chemicals 
used afid the orde^i of Adding them may be varied as recjuired to 
cause the gaVrline to pass market .standard^. life treatvig of 
cracked gasohi*e to mec't drastrt •sp?cihcatious adds to iLs cost tli a 
threefold maiiiKT in that chf^mcals are consumed, -the gasoline is 
deprecialt'd in (pi.dity by«the loss ol anti-kno('Jv constituents, and 
there is actual loss of ga.sf^linr thrciigh rea^'tioii and soluHon m the 
acid and pol^inerisalion of some of*the h\'drocaib(Jis into high* 
boij.ii’ig (omj’Kjunds. It is theiefore reconflnended that cracked 
gasohru' be given a minimum of treatment in grdialo save chemicals, 
to conseix e gasoline, and to irtain its valuable prupt'rties. • 

{ t ) Fuknack ok Dii'.siij. Oil 

One of the luoducts of the cracking process is pressure distillate 
bottoms This is an ^oil of nariow boiling rtmge, which possesse;* 
special advantages lor use in liouse heating. It is also aiA’Xctdlent 
oil for use in Diesel engines or it mav be cracked to give additional 
yields oi gasf)hne. It has a low cold test and*v'is( osity,, making it a 
satisfactoiy thud combustdile regardless of cold weather. A typical 
sample of this turnaci' or Diesel oil prodnci'd by crai.king JVIid- 
Continent stex’k had a cold test fd -38' C. (-30^7), an3 a viscosity 
(Universal S,i\bolt) of thnt\-six seconds at 38 C (lOO'F.).^ 

Tlie table shows the prop(Tti(*s ol retiresentative examines of this 
oil. 

( g ) Tuk Rlsioual Oil Pkoducm) nv Crackinc 

• 

The residuum Iroin the cracking process may range from a fuel oil 
of low viscosity to solid coke. From residual oils satisfactory 
lubricants can be made. Heavy pitchy oils may be oxidised to 
make asjrlialts. The jiniferrecyiractice at the prc*sent time, however, 
IS to conduct the cracking operation so that the residuuni is a fuel 
oil meeting all market specifications. Sudi cracked residuum is, 
in fact, a premium luel, gs it has a consid 4 Tably higher B.Th.U. 
content per barrel than the charging stocks. 

At time* the residual oil from cracking becomes the mahr product. 
This is the case when cracking is emplo 3 a*d^o change the properties 
of high cold test oils. 

The viscosity and cold test of heavy crudes and ^lel oils are of 
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great importance. Much difficulty is experienced in the transport 
of heavy oils, which are produced in quantity in the United States, 
in California and Texas, and in Russia, M(^ico, and other countries, 
op account of their high viscosity and high congealing temperatiiiy. 
Fueloils fr^m the^distillation of some lighter stacks are also difficult 
to transport for tt^e satfie reason. Often heavy oils, before intro- 
duction into ^ipe lines or tank cars, must be heated or cut^ back 
with distillate Qil to increase thiiir fltiidity. m 

It has been found that 'wlion such heavy (^ils,* either aS crude or 
residuum therefrom, are subjected to lieat ancj pressure and thus 
in .part cracked to gasoliqie, the iT^sidual oil produced has a lower 
congealing tcfnperature and lower vmcosily than tlu^* original oil,, 
and hence requires no heating either foi tifinsportafton or use as 
fuel. In this type of operation the productjon ctf gasoline^ is inci- 
dental, the primary; purpose ^of the cracking being the productioi| 
of a fuel oil of desired prof^erties. * « 

COMPARISON i)l CHAR(;TN(. stocks \NI) RKSIDPAL OILS 
I ROM CKACKINTP 


• 1 

1 

9 

S.(^ 

Cold 

Test 

(' 

Viseositv 

Saybolt I'niversali 
sec at 38 'C | 

.(lorc) ; 

- • i- 

B Th.U 
per 11) 

Louisiana Topped Crude , 
Original Oil 

Cracked Residunin 

0 8827 

0 921 1 

17 

-28 1 

• 144 2 ! 

110 • , 

19,570 
19. *290 

• 

Louisiana Fuel Oil — 
Original Oil 

Cracked Residuum 

0 8917 
0-918 

() . 
- 25 

257 

141 5 

•19,566 

18.7.50 

Louisiana Fuel Oil-~ 
Onginal Oil 

Cracked Residuum 

i 

1 

0 972 

1 028 

• 

2 

-29 

10,257 ! 

122-9 ! 

18,314 

18,144 

I 

Texas Fuel Oil— 

Original Oil - i 

Cracked Residuum 

0-9147 
0-9267 1 

17 

-20 

347 5 i 

144 

I 1 

19.143 

19,181 

Mid-continent Fuel Oil — 
Original Oil ... 

Cracked Residuum . . 

0 89P7 1 
0 9S03 j 

13 

-19 

; 181 

j 205 ; 

19,857 

19,251 


1 Morrell & Egloff, Refiner and Natural Gasoline Manufacturer, April, 1923. 

(h) Coke Formation in the Cracking Process 
The greatest stumbling block in the development of flie art of 
cracking oil hjs been the problem of cok^ formation. Millions of 
dollars have been expended to overcome the deposition of coke on 
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the heating portions of the cracking still‘d. A number of cracking 
installations in opera tiorj crack only low coke-forming oils and are 
strictly limited to selec'ced charging stocks. Tlie most modern 
cracking process treats all types of oils^ whether they produce, as 
some oils do, less than 0-1 per cent, of coke, or produce, coke V:qual 
to 25 per cent, of the weight of the oil. Th't' yit'jds of gasoline vary 
from, 15 to o'^'er 75 per cent., with practically no C(tke deposition 
on 'the heating elements. Tli^ l(«^^er ga.sohne yield mentioned is 
obtaiiK.'d wheiii operating primarily toi'-diu e the MscoMtv of heavy 
oils. ‘The facility ^'ith which high coke, forming oiK are cracked 
is seen fro>:n the fact that in ojK-r^ tions whj^;re 32 ( 1,000 lb. ol tokc w^Te 
,deposit(*d inVhe reaction cliai.ibers only about 30 lb ^ere di positial 
in the heating tubes. ^ \ 

The pfTcentage 'yields o( gasoline' and the amounts of doke pit'r 
parrel of oil resulting from ciackiiig vaiiety._( f charging $totks,^ 
i under varying conditions of temperatine and pressuie, are shown 
in the following table:— 

c\<[ Di: ()i 




1 S \loloi 

( 'nkc 

( li.irgin;; 


( :.is< )lnn 

11) pel 1)1)1. 


pel (cnl 

('haigmg'Stuck 

( IkhilioiriLi 

0 H7S3 

la-O 

5 0 

Tarakaii, liorrico 

0 '.1452 

32 0 

23 0 

ikinmh), MiMiro 

()h.S2() 

28 0 

29 0 


0 ‘182(1 

24 (I 

15 V 

roPi'FJ) 

( JU 1)1' 

OILS 


I.ewistoAvii, 

n 8.54H 

48 0 

5 1) 

Louisiana 

88 111 

4 1 0 

10 0 

Amarillo, IVx.is 

>88411 

(i2 2 

50 0 

Toiikawa. Okhilujiiia 

8871 

(it) 5 

()3 () 


8871 

(I'l 8 

00 0 


8871 

Ci 'A 5 

57 4 

SmackovcT (SoiitlilifJd), Arkansas 

88<1‘) 

49 0 

19 9 

81)22 

50 4 

18 0 


1)1)13 

54 0 

18-8 

Smackover, Heavy 

■1)4(35 

52 0 

42 0 

•<)471) 

49-0 

44() 


•1147 L 

51 

48 2 


‘)471 

50-4 

40 4 

Ranger, Texas 

81)84 

41 0 

140 

Tonkawa anrl Hiirbank, Oklahoma 

1)042 

40 0 

27 0 

* ,, 

1)042 

55 0 

05 0 


1)042 

34 0 

] 1-0 


1)042 

47 0 

1 }} 0 

,, 

9042 

30 e 

10 0 

Robberson, Texas . .^ 

9402 

33 0 

35 >0 

^Eglott, National I’ctrolcum News, March 3, 

1920. 
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USA : CRAC KIN(;. 
, FUEL OILS . 



1 

L'S Motor 


Coke 

Charging Stock. 

S C. 

•Crasohne 

lb 

per bbl. 

• 


per ( cut 

Charging Stock 

KcntA:ky ^ 

' 0 HShh , 

.53 <4 


- - - - - s 

20 0 


0 Htrj7 

58 0 


20 0 

1. - • 

0 81)84 

58 0 


25 0 

Mid-ContiTRMit • 

0 8888 

, 45 0 


12 7 

,, 

0 8084 

50 0 


10 0 • 

• 

•(^8o5h 

78 0 


07 3 


bOlDO 

.51 0 “ 


• 2 0 

Oklahoma 

0 8011 

02 0 

* 

50 J , 

Tonkawa .ukI Ijiirbank. ( iliia 





(i'uel and (las) 

0 8‘i27 

48 5* 


^7 0 

Kevin, Sunhiir'-^ Monlana * 

C) 8^27 

• 01 () 


42 0 

Lomsicina 

0 808 1* 

3() 0 • 

0 

12 0 

Kansas 

0 0007 

:•! 1) 

• 

4 0 

North I'evas 

0 0012 

10 0 


.(4 0 

Luhng, IVxas 

0 Oldh 

V 1 • 


14J) 

Imliaua, Illinois. Kenii^Lkv 

0 01 .00 

33 0 


13 0 

Min, llorneo 

* 0 0402 

20 0 


10 a 

, , j j 

0 040*2 

27 0 


I 0 0 

Caldorma. Long Ih'ach 

0 O4(»0 

.{7 0 


25 0 


0 04()5 

30 0 


21 0 


0 04«i.''t 

38 0 


22 0 


0 0020 

34 (f 

m 

21 0 

Caliloinia * 

0 0184 

45 0 


30 () 


• 0 0484 

55 0 


fl 0 

, , 

)) 0f)(i7 

32 0 


0 04 

V'errezuela 

0 0700 

23 0 • 


17 0 


0 0702 

2(* 0 

• 

27 0 


0 0720 

32 0 


35 )l 

PaniKo, Mexico 

1 002 

2i 0 


20 ()• 

.. 

1 002 

18 0 

• 

17 0 . 

• 

(.AS OILS 

• 



J Vn nsylvaiiia 

0 8100 

72 0 


24 8 


0 8'-{28 

43 2 


• 'fy\ 

Oklahoma .. 

0 8514 

04 2 


.12 0 

Mid ('ontinenl 

0-8050 

40 0 


1 3 

1 

0 H()rf4 

7() 0 


5 4 

Kohberson, J'exas 

0 8002 

4 ( 0 


() .1 

Kansas 

0 8(»2.l 

55 0 


0 05 

('alitoriiia 

0 8805 

50 7 


0-2 


0 8000 

.50 2 


0 3 


)) 0013 

570 


30 0 

Roumaiiia (Wax tailings) 

0 8833 

40 1 


1 0 

Venc/ucla 

0 8027 

35 0 


0 1 


^ 0 0042 

42 0 


22 0 

Mexican -* 

0 8084 

30 0 


10 0 


0 0270 

41 0 


18 0 


Cracking process coke, a*smokeless fuel, is Toeing produced the 
rate of approximately 1,000,000 Lons a year. It is of liigb thermal 
value and in properties varies with the charing stock, Visually it has 
a honey-comb •structure, being penetrated l)oth by hue capillaries 
and larger interstices. The sulphur content varies quite widely and 
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is a function of the sulphur content of the^ oil subjected to cracking. 
Coke derived from certain low sulphur oils has been commercially 
used for electrodes for ci^ectro-chcmical processes. The bulk of the 


production, however, is used for fuel, either in lump fo^^m, briquettes 
or powdered. In pulyerised form it would be ah excellent, marine fuel. 
PROI’KKTIES OF COKE FKOJVl.CR \cklNG 



Volatile 

Fixed 1 

Total 



B Th U 

Chargirg Spjck d 

Matter 

Carbon. 1 

Ash 

Snlphiir 

1 per lb. 

j 

Smackover Arkansas, Fuel Oil 

1 fi/ 

<r” 



i- 


i 

No. 1 Run . « ‘ 

12-28 

87-15’ 

0 

46 

4 

18 

15,88 1 

No' 2 Run 

17 02 ' 

79 20 

0 

45 

3 

70 

15,454 

Mid-Continental Fuel 'Oil 

12-5 

84-9 * i 

0 

9 

I 

■13| 

15.870 

PennsyJvaaia (ias Oil 

9 tji') 

89 H 

0 

2 

0 

45 1 

15,899 

Amarillo Tcx^# Topped Criitie 
*“ Oklahoma Fu^l Oil 

1 4 00 

8M2 ' 

1 

57 

■O 

45 \ 

15.573 

9 0 

88 0 

0 

75 

!■ 

■5 \ 

1 15,800 

Kentucky Fuel Oil- ^ 






\ 


No. I Test t, 

1007 

88-92 I 

0 

55 

' 0 

45 ' 

1 16,241 

No. 2' .. 

9 00 

85 72 1 

0 

59 

i 0 

52 

' 15,601 

No- 3 . 

1 1 G5 

8r 42 1 

Oi 

yy4 

0 

00 

\ 10,403 

No ti . 

12 43 

80 50 : 

0 

50 

0 

40 

' 15,438 

No 5 . 

3-75 , 

94 (lO ■ 

0 

84 

0 

30 

15.025 


(i) Gas from Cracking 

One of the inijKjrtant by-products of the cracking process is gas, 
which is, produced in large volume. The gas is valuable, not onh' 
as the ideal smokeless fuel, but because its content of unsaturated 
hydrocarbons makes it suitable foi chemical usi's, such as the pro- 
duGtion of etliN’l, /.sopropyl and other alcohols, and glycols. These 
chemicals are useful both as solvcuits and as a means for preventing 
freezing of ‘inotor car radiators. The cracked gas is also valuable 
as an eiiricher of water or producer gas, as its thermal \'alue is high. 

The afiproxiinate quantity of gas produced by the cracking process 
during the year 1927 was 200,000,000,000 cu. ft. The composition 
of this gas varies with the charging stoik and the temperature and 
pressure conditions maintained during the cracking reaction. 
T^^pical analyses, emphasising the unsaturated hydrocarbon content 
of the cracked gases, are shown in the following table: — 
COMPOSITION OF CRACKED GASES 


Hydrogen 

(per 

1-9 

cent.) 

5-0 

30 

1-7 

Ethylene... 

1-9 

i 7 

• 2-7 

6-3 

Propylene 

0-8 

oh 

7-6 

12-0 

Butylenes 

7-4 

2 0 

G-5 

71 

Paraffins 

88 0 

81-6 

80-2 

72-9 


The following table* covers the craddng of a number of oils 
and shoves the amount of gas produced from each oil and its compo- 
sition. It will be noted that there are wide variations, both between 
gases from different chaVging stocks and between thtj gases from the 
same charging stock when cracked under different conditions, 
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Gas from cracked distillate receiver. 
Gas from cracked distillate separator. 
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THE CRACKING OF COAL TARS ' 

( a) World Resources of toAL and Coal Tar 
Coal is the world’s greatest known resource of combustible material 
and tl^e potential source of enormous quantities of oil. The amount 
of oil which can be produced from the know'ii coal au'as reaches • 
astronomical •Jigures? Through the crackuig process, oil irimi coal 
could furnish over 1 <000 billion barrels of gasoline. This supply 
would fill the nced>. of the 29,500,000 motor bars now in iTse throiigh- 
out the world for bver 2,50().^ ears * ^The motor luel^would be of higff 
anti-knock value, permitting Ifs use in high compn^^sioii motors, 
and materially increasing rtie mih^age obtainabU pei ^allcai over 
that "possible fn^m ordinary gasole ne. • , 

The world’s leserves of Intuminous coal, siib-Wtum?nous coal, 
and lignite aie estimated at 7,000,000,000,000 metric tons. The dis- 
tribution of this vast accumulation is shown in Uie following taiile — 

woiuai Kh.S()DH( <)1' HnVjMlNOUS AM) M ’ IMU 1 TMlNUt ;S 
CClAL' AND IJGNI'M: IN MIDI JONS ( )J MJ.TRH lONs 




1 Sub- 

1 

J^ei cent. 


Bituminous 

Bitii ruinous 

1 Total 

ol 


(oal 

i* Coal and 

1 1^‘soni^es , 

World’s 


• 

Lignite 

!• 

1 

Supply. 

North America 

• 


1 ' 

— 

United States 

1,955,521 

1,863 452 

1 3.818.973 ; 

55 2 

Otlier countries 

2H4. 1 62 

948.454 

1.2^2,1)16 : 
31,397 • 

17 9 

South Aiiicrica 

31,397 


0 4 

A.sia 

760,098 

111,851 

871,949 

1^ 7) 

Europe 

()93 162 

3(>.()H2 

'• 729.844 

10 () 

Africa 

45, 1 23 

1,054 

4(). 177 1 

0^ 

Oceania . 

13T481 

39,270 

,l()9,75l ] 

2 (» 

Total 

^ U S Bureau ol Mines, 

3,902,944 

1927. 

2.997,7()3 

' 6,900,707 

*00 0 


Compared with tlie total *ivailable .supply ol coal, the w^orld’s 
annual consumption, approximatelv one and a half billion tons, 
appears small. The 1927 w'orld’s i^roduction of coal, bv continiaits, 
and countries, is presented in the next table. 


PKODUCTIDN OF (X)AE IN DJ27 
North America , (In metric tons) 

Canada Coal - - 

Lignite •• ^ 

United State.s, Anthracite * 

llituminous and Jaf^nitc 

Europe. 

Belgium ... ... • 

Czechoslovakia; Coal 

Lignite . . 

France* Coal 

Lignite 

Germany; Ccml - - 
Lignite 


1 2. J 29,539 
3,465,K:t() 
73,164,000 
471,556,000 


27,573,550 

14,582,(^00 

10,769,000 

51,779,300 

1,067,400 

153,597,600 

150,805,711 
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13.595,824 
784,154 
6,243,384 
9,22f,000 

37,980,000 
r7.000 

31.000. 000 

6,023.000 

412.000 
259,516,600 

21 . 000 . 000 

I 

i 908,744 
\ 12,500,000 

\1 0,700,000 

4t5,000,000* 

\ 

•Estimates from a number of countries not listed arc included in the total. 

Tile utilisation of coal in the future will probably be in large measure 
through low temperature carbonisation. This process has the 
, advantage of’ producing a smokeless solid ,fucl, gas and relatively 
large amounts of tar. The tar can be commercially converted into 
motor fuel by the cracking process. 

There is a crying need for the use of smokeless fuel, particularly 
in large cities The economic loss due to the smoke nuisance in 
thickly populated areas is tremendous, there being not only a 
waste of fiiel, but, also liarni from accumulation of sooty ,material 
on buildings and personal effects. Tn addition, the detriment to 
the phyi^ical health and nerv^e force of society, due to living in an 
atmosphere contaminated with .smoke, is of no small significance. 
All these evils rould be eliminated by burning the smokeless fuels, 
coke and gas. 

' The potential yield of coke from the world’s bituminous coal, 
semi-bituminous coal and lignite amounts to 3,000,000,000,000 tons. 
In addition to this amount the cracking of the tars produced in the 
low temperature carbonisation operation would yield, besides 
gasoline, 350,000,000,000 tons of cracked coke. 

Fuel gas would also' become available in enormous quantities, 
both from the carbonisation and from^the cracking process. The 
potecitial production of this ideal fuel is estimated as 
2,300,000,000,000,000 cu. ft. 

The motor fuel available, were all the 4,000,000,000,000 barrels 
of tar derivable from the low temperature treatment of the world’s 
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' PRODUCTION OF COAL IN 1927— cow/rf. 
Europe [contd ): • (In metric tons) 

Saar 

Hungary: Coal . . 

Lignite c . 

Netherlands: Coal. 

Poland- Coal . . ' 

Lignite, . , . .. . . 

Russia: Coal . . . 

Lignite ... . 

Spam; Coal ... .. . , .t 

• Lignite 

V United Kingdom: Great Brifaiif • ... ... 

Asia: » ' ■ , ’ 

India, British 
Africa- ^ 

Rhodesia, Southern 

Umdh of South Afncr ' ■ 

Australia; t , 

New South Wales , 


Total .. ... ... ... - . 1 , 

From U.S. Buroau,of Mines, H28. 
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coal supply subjected to •the cracking process, would amount to 
over 1,000,000,000,000 barrels, sufficient as has been said, to supply 
the needs of the world’s present motors for ^ver 2,500 years. 

(6) Cracking of West-VircSinia Low Temperature Coal Tar * 
Quite extensive studies ^have been ma&e of tfie cracking of low 
temperature tars. A West Virginia bituminous coal retorted at 
low temperature produced 25 gallons of taV per ton, th*e tar having 
the following characteristic^: — * ^ ^ ^ ^ ^ 


WEST VIRGINIA LOW TEMl'ERATURK COAL TAR 


Specific gravity • 

f . - 

1 

Flash point, “C. (ClevelancL Open Cup) 

• 107 

Eire point, 


V27 

Viscosity (Saybolt Enrol) sec at 

. 25X- . ^ 

206 

Water, p#r cent . . 

• . . * 

0- 

DISTILLATION 

ANALYSIS (A.S T.ivf ). 


Per cent, distilled gver 


“C. 

10 . • . . • 


IttO 

20 ... 


246 

30 . 


267 

40 


290 

50 

• 

307 

60 ... 

• • 

■ 

343 

70 • 


. 356 

80 . . . 


368 

90 .. . 


393 

. End B.P. 

... • 

• 

393 


Coke, per cent, by weight 


Ili3 


This tar, cracked under 100 lb. pressure at an average temperature 
of 452°C. (845 “^F.), gave a yield of 30 per cent, of fnotor fuel 
containing 25 per cent, tar acids, or on an acid free basis, a 
23 per cent, yield. • 


(c) Cracking of Oiiio-Indvvna Lov^ Temper ^turf Coal Tar^ 
An Ohio-Indiana bituminous coal tar cracked at 100 lb. pressure 
and an average temperature of 427"C. (800^’F.), gave 34 per cent, 
of motor fuel, or 22 per cent, on a tar acid free basis. The character- 
istics of the fuel and a summary of the cracking operation are shown 
in the table followir^: — 


CRACKING 6 f OWlb-lNDIANA COAL TAR 
PROPERTIES C;E THE INITIAL TAR 


Specific gravity 

Flash point, “C. (Cleveland^Open Cup) 

Fire point, "C. ,, ,, 

Viscosity (Saybolt Furol) sec at 50'^C, 

Tar aciils, per cent. . 

• 

1 0794 

• 

54 

82 • 
70 , 

. 27 5 

Tar bases, per cent." . 

• ■ 

T55 

s - 

‘ Etrloff and Morrell, International Riluminous Coal 
1926. 

Convention, Nov. 

f 
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T)ISTTLI.A'yiO>J ANAlA'SIJr (A.ST.M). 
Per cent, distilled over 
10 

20 ' 

30 . . . . . 

40 . . 

50 ' • . . . . 

60 . . 

78 .. 

i'oke, per* cent, by weigfat ... 


“C. 

208 

232 

257 

201 

348 ^ 

372 

366' 

22 0 


SIJMMAR\ OI- THE KESL'lTb Ob CRACKING 


(d) 


Pressure Distillate — 

Yield per cent of charging stock 
Specific gravity . i 

Motor Fi.el ^ ' , 

Yield, per cent ^ . . . 

Yield, on tar acid free basis, per cent.. . 

Coke, lb per Vbl. 

Ciais, cu. ft. ' 

e 

Cit.vcKiN(; OF Utah Low Tfmpf:k\ture Coal 


4o 8 

'0-0230 
3^ 0 

... 2'io 
... 103', 

525 \ 

\ 

Tak 


Low tt^mperature tar, ] nod ua^d by retorting eastern Utah coal in a 
modified Scolti.sli oil shale retort, was cracked at 100 lb. pre.ssure 
and approximately 435 'C. (Slfi'^’F,), and gav/^ a yield of 24 per cent, 
of gasolfhe b ee Iroiii lai acids and bases. The product was high in 
anti-knock ^nop^Tties, having a benzol value of 65 per cent. A 
full statorn/'nt of the'cracking operation is ])rescnted in the following 
talfie- — 


CKAC'KIN(^ OF UTAH COAL TAR 
PUOl’EKTIES OF THE INITIAL TAK 
Specific gravity 

Fli(.^h,^point. "C (Cleveland Open Cup) 

Fire point, ,, ... 

Vi.scosity (Sayboll Enrol) .sec. at 50‘'C 
Tar acids, jicr cent . , . j . 

Neutral oil, per cent. . . ... 


0 0831 
82 
104 


32 


29 0 
61 0 


Disiit.lation Analysis (A.S T.M,). “C 


Initial B P. 

Per cent distilled over 
10 
20 
30 
40 
50 
60 
70 


End B,P. 

Coke, per cent by weight 


... 183 

249 

.. 281 
314 

I , - 349 

« 366 

378 

- . 385 

390 

'... 394 

394 

ILO 


CRACKING CONDITIONS 

Pressure lb per sq in. .. ... ... ... 110 

Liquid ten^perature, “C. . . .. ... ... 435 
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USA : BRACKING 


I^KODLICTS AND YIKLDS, 13ASKI) ON THK CIIAKCilNG STO('K 
Pressure Distillate Oil. • • 


Yield, per tent . ... , , 

Specific gra\ity 

Coke, lb per bbl ..... T 

Gas* cu ft. pej bbl. ... 

PROPErCriES OF THK CK \CKKy V.AS( 
• (l*rce Ironi tar acids and base.*.) 
Yield, per cent. •?.. 

Specific gravity^ .* 

Initial 13 P. 

End B.I’ , "C. , . • # • 

Sulphur, per cent ■ 

Benzol equivalent, per cent. * * 


48 4 
0-8388 
120 
018 


);JNK 


24- I 
0 7874 
4.f 
224 
0 1 a • 
(Ka 0 


PKOi’J- KTIKS Ob lim KUKN\rK OK Dll'SEK (.)11 
Yu'ld. jK'r I (-lit 17 n . 

Spec die gravifx^ • • 0^1313 

Initial B I* , C. * ^ 210* 

End B P , . • 30 ir 


( e ) Ckacking of Nia'tkal Oil Disiillatf^ , • 

In some low teftiperA+dire operi-tions, economic condilions make 
it desirable to recovaT tai acids and pilch Irom the primal \ tar. 
There is left a ncnitral oil distillat-*. .Such neutral oils lorm exct'llent 


cracking storks Neutral oil from West Viiginia bitinnmoiis coal, 
cracked under a pressure (jf 250 lb. and ti'inperatilre of about 454‘'C. 
(S50' F.), yield(‘d ovct 50 per cen>. of motor fuel. TIk' benzorettui- 
valent of tlie ])roduct was iiKjre than 50 per cent Jt tonstitiited 
an excellent anti-knock fuel lor high compression inotojs. The 
cracking o])eration produced api)roximatelv iS4 lb,,()l coke pei barrel 
ol oil trcMted The coke was practically ashless and had a^calonllrf: 
value of H^lOO IkTh.U. per lb. (ias was formed U) the' amount of 
840 cu. ft. per barrel of oil cracked and approxiinatc'd 1,300 IkTJi.U. 
to the cu. ft. 


The analysis of the initial oil is shown in the tabk* below -- 

h 9 

PKOJniK'JlES OK NKl TKAL ( )1E 


Spec die gravity " 


0 0478 

Disl'illation Anai\.sis (AS 

T M ) . 

C. 

Initial B 1'. 


100 

I^ei cent, distdlcd over 



10 


232 

20 .« 


240 



263 

40 ■ • • 


277 

.“lO 


20 1 

60 

• 

302 

70 


. 321 

80 • 

• 

338 

00 


368 

08 5 


. 374 

End B B - 


. 374 

Eglotf and Morrell International Bituminous 

Coal ronvcnlion. Nov. 


1926. 



LIQUID FUELS 


Remarks 

Trace of water. 

3 per cent, at 210°C. 

56 per cent, at 300*^0. 

Trace of coke. ' 

Cracking of German Lignite Oils 
Cracking te.sts were al.so made on a German ligitHe tar and a 
distillate oil from the tar. The tar was' cracked at 90 lb. pressure 
and about 438°C. (820'T'.). The yield of gasoline, on a tar acid 
’and base free basis, was 38 per ciiiit. of the oil treated. The distillate 
oil^gave a 47 per cent, yield of ga'^oline at 150 lb. pressure and a 
temperature ol ■ approximately 454"C. (850”F.). The details of 
these runs are in the c|uta belew. — ^ 

CKArKT?^'(_: t)F c;ii RMAN LK'.xNTTK TAR AND TAR PISTILLATE 
,RR()J’LRTTES Oh THE INITIAL OILS \ 


Tar, 'J\ir J )i.stillatc*. 


specific f^ravity 

. . , 0 9’’f34 

A 0-9265 

Flash point (('Icvclancl (JpiMi 

Cup) — 

127 

Fire point "C. 

— 

149 

Viscosity (Saybolt I'urol) sec at 25''(' 

12 5 

Suljiliur. per tent 

I‘8 


Tar at id,- pi’r cent. 

19-7 

2 5 

Tar bases, p(‘r ( cnF 

1-0 


Neutj-al oil, per cent 

70-3 

> 

DjSriLLA'llON 

Analysis (A S T M ). 


I’ei ceiu distiP.erl pvi'r 


"C 

Initia-* 15 F 

241 

235 

U) 

301 

280 

20 

324 

29(3 

30 , 

34(3 

308 

40 

367 

3 1 6 

50 

377-8 

. ' 328 

t. (30 

. 378-3 

338 

1 \) 

- 379-4 

. . 353 

80 

378-9 

357 

90 

- 357 

- 392 

Coke, per cetit by wei^lit 

7-5 


CRACKINC. CONDITIONS 


Rressuic (lb. per .sq. in ) 

90 

150 

Liquid temperature, 

438 

454 

PRODUCTS DICRIVET) FROM ClvACKING 


Pres.sure distillate oil, per cent. 

3 ... 64-4 

. . 67- 1 

Residuum ... 

' . . . — 

. . — 

Coke, lb. per bbl. 

77 

50 

Gas, cu. ft per bbl. 

. . 767 

571 

• ITtOPERTIES OF PRESSURE DISTILLATE OIL 

4 

Tar. 

Tar Distillate, 

Specific gravity 

0-7994 

. 0-8132 

Sulphur, per cent, , . . 

0*96 

— 

Tar acids, per cent. . . 

6-."^ 

— 

Tar ba.ses, per cent. 

2-1 

— 
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Initial B.P. 


Distillation Analysis (A.S-TM). 

°C. 


• 24 


“C. 


Per cent, distilled over 
• 10 
20 • 


• 30 
40 
50 
60 


•• 




•• 


m 

71 

- . no • 

. 138 , 

160 
183 
207 


PROPE^TIKS OI- THE (lA(1vEl) GASOLINE 
(Free Ironi twi arids and basesf * , 


70G 
1 I 1 
130 
•154 
178 
108 


Yield, per ccMit 


38 3 

47 

4 • 

Specific gravity 

* 

U■7l^M 

0 

7762 

Initial B P , X’ 

• 

• .44 

44 

End B P . "C. • 


• ?24 

•227 

• 

Sulphur, per gent 


y 43 ^ 

• 

• O' 

5 


PK()i’i:inTE>i ()i 

(iVSOJI. , • 



Yield, per cent. * 

• • • 

IM 3 

17 

6 

Specific gravity 


0 8‘M)0 

0 

0554 

Initial B P., «C. 


- 221 

238 

End B J‘ , "C 


31)6 

. 374 



TRKATMLiNT (M' PKl SSUiy: DisTILLATI- DKKIVI- f) *LK0*I CUACKINt, 

Lignite Tai^ • • 

The pressure distillate oil may be treat(*d by clijmiLal lea^^ents 
in the following manner, in ordtT to produce a watei while, liglit- 
stable motor fuel ^ , * 

1. Thoroughly agitate the oil with 5 per cent by ’^olumc \)f 
3(^‘' Be. sodium hydroxide solution in onl^r to remove the 
tar acids. Then settle the sludge and draw it ofi. ^ • 

2. Wash well with water. 

3. Agitate thoroughly w’ljLly 5 per yent. by volume of a 10 per 
cent, sulphuric acid solution so as to remove ^he tar bases. 
Allow the acid sludge to settle. At this stage of the chemical 
treatment do not water wash. 

4. Treat with 5 lb. of 66" Be. sulphuric acid per barrel, drawing 
off the acid .kludge after settling. There should also be no 
water wash at th^«stage«of the procedure. 

5. Agitate with an additional 5 lb. of 66" Bix sulphuric acid. 
The acid sludge is allowed to settle and is then drawn off. 

6. Thorougldy wash tlie oil with watei ,• preferably by the 

shower method. ^ 

7. Nefltralise the j^cid compounds left in the oil by the addition 
of 3 percent, by volume of a 16" Be. sodium hydroxide 
solution. The sludge is allowed to settle and is drawn off. 
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LIQUID LULLS 


8. Subject the chemically treated pressure distillate oil to 
steam and hre distillation, at a relatively low temperature, 
approximately 1 35°C. 

9. Wash with 8° 13(\ sodium , hydroxide solution to' give a 

finished motor Inel. ^ 

Application of the above treatment* to a sample of distillate 
produced ri motor fuel, of plus twenty-five colour Saybolt, stable to 
mnlight lor 3 days. It wrs r.egative to the dc>ctor and corrosion 
tests and ^.ontamed 10 mg. ol g^m'per 100 c.c. There was no 
trace of tar acids or bases present ip the finished gasoline. The 
sulphur content of the motor fuel was 0-43 per cent. I 

THii CKACKINC. OF SHALE OILi\^ 

Oil, shale dej)osits are located in many parts of th^ world, the 
princiiial dejuxsits un the America i Contin^id being tW;sc of the 
United State's, ( anada, Brazil, Argentina and Chile. In Europe 
they are found in the British Isles, h'rance, jugo-Slavia, Spain, 
Sweden, BulgaiM, Germany, Italy, Switzerland, Esthonia and 
Russia Theie ate also considerable amounts of oil shales in 
Austrliha, China, japan, Arabia a.id Syria. 

The total qluul1lt^' of oil shale in the world is unknown. That it 
is huge js generaiU' acknowledged. The world’s potential shale 
dll production is estimated to be at least 300, 000, 000, 000 barrels. 
By the use of the cracking i)r()ce.ss this oil would yield sufficient 
gasoline to operate all the motor cars in the world at the present 
time, for over 400 vcats. The cracking ol .shale oil into ga.soline 
will be’ till' dominating feature making profitable the utili.^ation of 
oil .shale. 

The bv-]iro<!luct.s from cracking shale oil are gas and coke. The 
world’s potential volume of .shale oil would yield 180,000,000,000,000 
cu. ft. of fuel gas and 1 1,250,000.000 tons of coke, 

[a] Tin: ICmthd States 

The oil .shale resources of the United States were estimated by the 
American Petroleum Institute to be 394,343,819,000 tons, which 
would yield 108,424,801,000 barrels of oil. The richest deposits 
occur in the Green River formation of the Rocky Mountain region, 
large beds being found m Colorado', Utah and Wyoming, while 
there yre also dcpo.sits of importance in Montana, California, Indiana, 
Kentucky. Nevada and other vStates. The e'.timated amounts of oil 
shale and potential shale oil in the States having the largest 
deposits are as follows; — 
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, Oil Shale % 

Sluile 


(in tliousands ol 

(in thousands of 


sliort toils) • 

barrels (42 gal ) 

Colorado 

113,792.000 • 

4().»)40,000 

Uta^i 

92,159,000 

I(i,')H8,02U 

Kentucky .. * 

. <t 90,004,800 

• 28.993,53(1 

I ndi^ia • 

00,090.000 ^ * 

13 ‘l.■{9,200 

California 

** J 3.939.200 

r).:)V),()8u 

yomihg 

7,170.000 

1,291.1)80 

Montana • 

* . 0.909,u00 

1 i't3,U20 

Nevada 

7.219 • 

• 2,11)5 • 

• 

- - 

, — 

TotaLs 

• 394,343.819 

, • . 108,424,!*()1 

• 


AAnier. Petroleum fustitute Rep.. it on JVti oleum Snpi)1\ .md P.Miuiml, \\VAb 

The 408.000,()0(), ()()() bairels^ol sluih' ml. 1 j\ ciackiiip. would ^ive 
a total of over 54,f)()().()0U.O()0 barieK ..1 * .ir*)hnm wine;? mjd Mi]^ply 
the 24,0()0.0()(>automubile.s now in (qx'iatiun ]n>lli(' I'nitrd bbites, 
for over 150 years. • , * . 

Shale oils obtained retortn^.^ I'Lah. Whoimnj^ and ('alilornia 
.shales, have been distilled undei pressiin* in .sneli a wa\' as to repro- 
duce the results obtaiiiabh' under coniinercial conditions. 


CkA( KiN(i or Wyomin(x StiAi 1 On ' ' 

A topped shale oil IrmnMie Oreen Kiver loriiiation in Wxi^inin^^, 
with a boding range oi 252-391 C., was ciaehed uiuUt a 
prejssure of 120 lb. In a re.idu.d oil tviie operation* a 35 i)er cent, 
vield ot r.S motor gvisohne was obtained and in non-ie'?idncd oil 
operation, 53 pea cent. The gasoline* was watei White, doc tm swvbl. 
non-corro.sive ami ol anli-cletonating quality. erIlli^ ali'fit to “a 
20 pc'i' c'.e?it- mixture ol bcaizol with TeniisylvaTua sliaight-iun 
gasoline. A detailed analisis ol the c lacking nins is iircscailPd in 
the data following: — 


( KACKlNCr (U (.J<J':iCN I^IVKK. W^oMlMCk C)IL 

PK()l,‘l'.K 1 ll'-S Ol IHi-: IMIIAL Oil. 

Specific gravity ... • / 

I'lasli point, °C (Clevelaml Oiieii C up) 

I'lrc point, ‘C. ,, .. 

Viscosity (Saybolt J'urolj, sec at oO C (12*- e ) 

Sulpluir, percent . 

DiS'iiLi.A i ION '\N\nYsis (A 8 1 .M ) 

Initial HP..' • • ' 

Per cent, distilled over 

10 ’ • 


20 

30 

40 

50 

90 

70 

80 

90 


0 9352 
127 
138 
20 
M 

(. 

252 


Coke, per cent, by weigM 


277 
30(3 
337 
349 • 

w. 

381 
387 
391 
5 4 



LIQUID VUELS 


CRACKING CONl?ITIONS 


Pressure (lb. per sqf in.) 


Non-residual Residual 

Oil Basis. Oil Basis 

120 120 


PRODUCTS AND YIELDS BASED ON CHARGT.NG STOCK 


Pressure distillate yield, per cent. . . 64 5 50 

Specific gravity . . *'. < 0-7852 0 7883 

Re.siduuni. per cent. ... > 35-4 

Specific gravity P ... — 0-9672 

Coke (lb per bbl ) . . 66 45 

GiiS (cu,. ft. ‘per 'bbl ) . m- ' . 650 400 


PROPKRTIES OF THE CRACKED (iASOLlNE 


Yield^ per cent 
Specil c gra nty 
Initial B P , °C \ 
End B P , ;C 
Sulphur, per cent. 
Doctor sweet 
Non-corrosive 
Colour 


52 9 \ 35-2 

0 7741 \ 0-7690 

48 - \ 52 

223 \ 226 

0-71 \ 0-70 

, Yes- \ Yes 
Yes Y es 

W VV W.W. 


PROPERTIES OF THE ITJRNACE 
Specific 'gravi'ty, 

Initial BP. 

EfidBP 


OR DIESEL OIL 

0 9024 0 8973 

232 232 

377 391 


Cracking of Uta-xI Si i ale Oil 

'A somewhat heavier shale oil from Utah was cracked at a pressure 
0^ 120 lb. Tn a residual oil type operation at about 416°C., 
44 per cent, of was obtained. Operating on a non-residuum 

basis at apyiroximately 438'^'C.. the yield of gasoline was 
52 per cent. The gasoline upon refining was doctor sweet, non- 
corrosive and water white in colour. It had excellent anti-knock 
properties, which were markedly reduced during treatment. Chemi- 
cal treatment of the non-residual type operation gasoline reduced 
its benzol value from 35 to 15 per cent. The gasoline from the 
residual oil type operation depreciated from 25 to 10 per cent, 
benzol equivalent. 

Full details of the cracking a’-e pre^sented in the tabulation. 


CRACKING OF UTAH SHALE OIL 
PROPERTIES OF THE INITIAL OIL 

K Specific gravity ... ... ... ' 

F^sh point (Cleveland Open Cup) “C. 

Fire point ,, ,, ,, °C. 

Viscosity (Saybolt Furol) sec. at 25‘’C. ... 

B.S (benzol), per ient. . . . . , 

Sulphur, per cent. 

Nitrogep, per cent ... 


0-9402 

82 

93 

70 

0-7 

on 

208 
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Distillation Analysis (A vS®!' M ) 
Initial B.P. .... .... 

Per cent distilled over • 


10 

20 

30 

40 

50 

•60 

70 

80 

90 


- » 



Coke, per cent, by weight 


V 




• • 


"C 

160 

232 

274 

308 

344 

369 ^ 

385 

391 

3M') 

399 


CRACKlll(r C( )Nl)n KJNS 

Pressure (Ib^per sq in ) 

Liquid temperature, 


PRODUCTS ATiD YIf:LDS. (LN THE CdlAE(.lN(. S’l'Ot K' 


Pressure distillate oil yield, per cent 

60 9 

50 2 

Specific gravity 

0 7936 

0 7699 

Residuum yield, per cent . - 

— 

13 0 

Specific gravity 

— 

0 9847 

Coke (lb: per bbl.) .. * 

85 . 

,50 

Gas (c u It per bbl ) , 

624 • 

390 

• 


* 


PROPERTIES OF THE CR.ACKKl) (iASOlJNIC 


Non-resulual Kemdiail 
^)il .Rasis. Oil Jiasis 
120 ^ 


438 


ii? 


Non-resujual * 


Yield per cent. . . 

Oil Basis 
52 1 

SpecilK. gravity 

0 77*49 

Initial li P . "C 

49 

End B V . 'C 

224 

Sulphur, per cent. 

0 35 

Doctor sweet 

Yes 

Non-corrosive 

’S'es 

Benzol equivalent before treatment, per 
cent ^ • 

35 

Benzol equivalent alter treatment, per ceiif 

15 

Colour • 

WAV. 


Re^iul iial 
( )il ll.isis 
44 3 
0 771.5 


0-35 
Yes , 
Yes" 

25 

» 10 
W \V. 


JUtOJ^lCRTlES OF MJRNACE OH DTESEI 
Yield, per cent 

Specific gravity 0 9242 

Initial B l> , 220 

End B.I’ , "C . , ' • 354 

• 

Ckacking of California Shale Oil 
A shale oil of sp^xific gravid 0*9868, from th^ Monterey area jn 
California, ’ijas cracked, using 80 lb. pres.surc and a tempefature 
of about 760'^F. on a non-residual oil basis. 38^per cent, of gasohne 
and 23 per cent, (tf gas oil were obtained. The cracking operation 
is summarised in the following data. , 


. OIL 

3 4 

0 9365 
241 
346 


793 



LIQUID ^nJELS 


CRACKING OF JV^ONTEREY, CALIFORNIA, SHALE OIL 
PROPERTIES OF INITIAL OIL 


Specific gravity ' 0-9868 

Flash point, ‘'C. (Cleveland Open Cup) 102 

hire point, "^C. ,, ,, ,, . , , 121 ' 

Yiscosity (SayboU purol) sec. at 25'’r ■ . . 84 

Sulphur, per ^:ent . , '.-,.'08 

Nitr^’jgen, per cent . , . ^ 0-5 


OisriLLATiON Analysis (A S.T M ) 
Initial' BP.... 

Per cent, distiljed over ^ » « 

.. 10-- L , ' . 

'20 . ' ' 

' :^o .. 

40 

' fiO . . 

* 70 , 

80 

90 

End B I* ^ 

( tike, per cent b}' weight . 


°C 

221 


275 

302 


358 

373 

381 


\ 386 


\ 399 
\ 371 


\ 405 


7-5 


CI< U'KINO CONDl'ilONS 


BressiiK’, 11 ) pel sq. in. , 80 

laipiid tr-uipOTatiire, ‘'C 404 


I^tODl C ISAM) VII.LDS, BASkD ON IHi: CH A KCHNC* Sl'OCK 


Ifiessure di^lillale ^ leld, per cent 
vSpciiliL gravity*’ 

Kesidiiinn, per cent 
t oke, lb ]U‘i bVl. 

Cias, cu it pet bbl. 


.60 9 
0 8358 


115 

680 


J ’KOI^F RT I FS OF 1 HlC CRACKED CrASOLINji* 


*"iehl, per cent. 
Speeiln gravilv 
Initial Bl’, 
End B P., ^C. 


40 0 
0 8251 
47 
225 


PROPERTIES Oh LURK ACE OR DIESEL OIL 


Yield, per rent. 
SjiecilK gravity 
Initial B P . °C. 
I' nd n , "C 


20-2 

0-9350 

224 

399 


(h) Scotland 

The oil .shale industry of Scotland i.s one of the oldest and the most 
highly devt‘loi)ed in the world. Tht* annual relorting of oil shale 
has bjen approximately 3,500,001) tons, from which 2,000,000 barrels 
of shale oil were produced. In view of .the tax now' levied on 
imports of gasolint^, the cracking of .shale oil should become a 
significant factor in the production of motgr fuel. 
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